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Mental disorders are one of the leading causes of disability, being associated with about 18.9% of
years lived with a disability [1]. Traditionally, depressive disorders, bipolar disorders, schizophrenia,
anxiety disorders, and eating disorders have been treated with psychopharmacological drugs, including
antipsychotics, antidepressants, mood stabilizers, and antianxiety agents, and/or different forms of
psychotherapies. Unfortunately, with these treatments, the burden of mental disorders is prevented in
less than 50% of cases, an outcome indicating the need to find new additional strategies and procedures
to improve their management [2].
Mens sana in corpore sano (a healthy mind in a healthy body) is a Latin phrase taken from Giovenale
(Satire, X, 356) that remains relevant and is supported by today’s data regarding nutrition and physical
activity, and their contribution to mental health. Indeed, several data have found an association
between nutrition physical fitness and mental health [2–5], supporting the potential role of using
nutrients and physical activity as agents for prevention, treatment, or augmentation of treatment for
mental disorders in children, adolescents, and adults.
The Special Issue “Nutrition and Fitness: Mental Health” of Nutrients includes four original
articles [6–9] and three systematic reviews [10–12]. The first original article assessed the interconnections
between specific quality of life domains (assessed with Short Form-36 [SF-36]) in 716 consecutive
female and male patients with obesity and high or low physical performance using an innovative
statistical analysis based on network approach [6]. Low-performing patients (64.7% of the sample)
reported lower quality of life domain scores, but the network structures were similar in the two groups,
with the SF-36 Vitality representing the central domain in both networks. Moreover, in patients with
obesity and low physical performance levels, mental health was a central variable, indicating that
psychological aspects should be considered in defining the quality of life in patients with low physical
performance levels.
In the second original article, 162 individuals who were obese or overweight were randomly
allocated to four interventions, 24 weeks in duration [8]: strength, endurance, combined strength +
endurance, and guideline-based physical activity; all in combination with a 25–30% caloric restriction
diet. The study found several positive effects of the intervention on energy intake, macronutrient
selection, and body composition changes, with a significant reduction of body mass index and body fat
percentage, but no significant differences of exercise type. The study also confirmed that individuals
allocated to a long-term exercise program associated with dietary advice do not increase their energy
intake in a compensatory fashion.
The third original article randomly allocated 51 patients with multiple sclerosis to 800 mg of
epigallocatechin gallate (EGCG) and 60 mL of coconut oil or placebo for four months [7]. Both groups
followed the same isocaloric Mediterranean diet. EGCG and coconut oil decreased state anxiety and
functional capacity, while the levels of interleukin 6 (IL-6) decreased in both groups, likely because of
the antioxidant effect of the Mediterranean diet.
The fourth original article investigated the public health topic of the association between food
insecurity (i.e., the presence of limited or uncertain availability or access to nutritionally sufficient,
socially relevant, and safe foods) and depressive symptoms in 8613 adults who participated in the
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Indonesia Family Life Survey (IFLS) in 2007 and 2014 [9]. The study found a positive association
between depressive symptoms and food insecurity: a finding that underlines the importance to
implement specific nutritional and health programs to prevent and treat both food insecurity and
mental health.
The first systematic reviews synthesized data from 14 studies to assess and discuss the potential
role of microbiota-orientated treatments (including fecal microbiota transplantation (FMT) in major
depression and schizophrenia) [10]. The results indicate that probiotics seem to have a medium-to-large
significant effect on depressive symptoms, but it is not clear if these positive effects are maintained after
probiotic discontinuation. Since FTM has been shown to improve microbiota in several gut disorders,
the authors suggest that this procedure may be a potential strategy to test for improving the efficacy
of microbiota-orientated treatments in major depression and schizophrenia and maintain their effect
over time.
In the second systematic review, the authors synthesized the data of 25 studies (ten experimental
and 15 observational studies) assessing the relationship between energy balance-related behavior
(i.e., physical activity, sedentary, and dietary behavior) and burn-out risk [11]. Physical activity seems
effective in reducing burn-out, as supported by the data of nine experimental and 14 studies. On the
contrary, although the data of few observational studies suggest that being sedentary and eating less
healthily are both associated with higher burn-out risk, there is a need for more high-quality research
to reach meaningful conclusions on this association.
However, when the physical activity becomes excessive and compulsive, a distinctive behavioral
feature of a subgroup of patients with eating disorders [13], it is associated with more severe general
and eating disorder psychopathology, as synthesized by the third systematic review [12] of this Special
Issue. The authors, who analyzed 47 articles, suggest using the term “problematic use of physical
activity (PPA)” to define this unhealthy form of exercising and propose an original model for the
development of PPA in patients with anorexia nervosa, encompassing five periods evolving into
three clinical stages. They also suggest the presence of two components of PPA in anorexia nervosa:
(i) voluntary PPA to influence body shape and weight; and (ii) involuntary PPA that it is biology driven
and increases with weight-loss. Future research will have to test the theory proposed by the Authors
and its clinical utility.
In conclusion, the findings of the original articles and systematic reviews of this Special Issue
confirm that nutrition and physical activity seem to play an important role in maintaining good mental
health and are two potential interventions to improve the management of mental disorders.
Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Background: The aim of this study was to investigate the interconnections between specific
quality-of-life domains in patients with obesity and high or low physical performance using a network
approach. Methods: 716 consecutive female and male patients (aged 18–65 years) with obesity
seeking weight-loss treatment were included. The 36-item Short Form Health Survey (SF-36) and
the six-minute walking test (6MWT) were used to assess quality of life and physical performance,
respectively. The sample was split into two groups according to the distance walked in the 6MWT.
Network structures of the SF-36 domains in the two groups were assessed and compared, and
the relative importance of individual items in the network structures was determined using centrality
analyses. Results: 35.3% (n = 253) of participants covered more distance than expected, and 64.7%
(n = 463) did not. Although low-performing patients showed lower quality of life domain scores,
the network structures were similar in the two groups, with the SF-36 Vitality representing the central
domain in both networks. Mental Health was a node with strong connections in patients who walked
less distance. Conclusions: These findings indicate that psychosocial variables represent the most
influential and interconnected features as regards quality of life in both groups.
Keywords: obesity; physical performance; network analysis; vitality; mental health
1. Introduction
Obesity is a condition characterized by an excessive accumulation of fat in adipose tissue; it is
linked to an increased risk of chronic diseases, disability, and mortality [1], and is also often associated
with poor physical fitness levels, e.g., muscle strength [2], and cardiorespiratory fitness [3]. Moreover,
both obesity and physical performance are associated with quality of life. Indeed, a recent systematic
review found that in all populations examined, obesity was associated with a significantly worse generic
and obesity-specific quality of life [3]. Furthermore, significant weight loss after a bariatric surgery or
non-bariatric interventions has been associated with improvements in quality of life [4]. Some evidence
also supports a link between quality of life and physical fitness in adolescent patients with obesity, and
a recent study indicated cardiorespiratory fitness as the main mediator in the relationship between
body mass index (BMI) and quality of life [5]. However, this relationship requires a more in-depth
investigation in adults.
Understanding whether specific aspects of quality of life are more prominent or strongly interlinked
in patients with obesity with different levels of physical performance is relevant to the design
of targeted interventions to promote optimum weight management, and may require innovative
methods of investigation, such as network analysis—a novel way of representing variables as complex
dynamic systems of interacting variables. The inspection of networks elucidates the extent to
which items belonging to the same construct are connected to each other, and the strength of their
reciprocal relationships. Although in the majority of applications network analysis typically used
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to be limited to determining a network structure in a single population, recently the focus has
shifted from single-population studies to the research comparing network structures from different
subpopulations [6]. To this end, specific tests have been developed [7] to examine whether the network
structure is identical across subpopulations, whether specific correlations differ in strength between
subpopulations, and whether the overall connectivity is equal across subgroups.
Network analysis had never before been used to examine the empirical relationships between
quality of life domains in patients with obesity, and the aim of the present study was therefore to use
a network approach to provide benchmark data on the interconnections between specific health and
psychological features of the quality of life in patients with high or low levels of physical performance
seeking treatment for obesity.
2. Materials and Methods
Participants were recruited from consecutive referrals by family doctors to the rehabilitative
treatment programs for obesity at the inpatient unit of the Villa Garda Hospital Department of Eating
and Weight Disorders during the years 2016–2019. Patients were eligible for this study if they were
aged between 18 and 65 years, had a BMI ≥ 30.0 kg/m2, and at least one weight loss-responsive
comorbidity (i.e., type 2 diabetes, cardiovascular disease, sleep apnea, severe joint disease, two or more
cardiovascular risk factors), as defined by Adult Treatment Panel III [8]. The criteria for exclusion were
pregnancy or lactation, medications that affect body weight, medical comorbidities associated with
weight loss, severe psychiatric disorders (i.e., bulimia nervosa, acute psychotic disorders, substance
use disorders), use of a walker, and the need in assistance/support with walking.
As per the Italian National Health System’s National ethical guidelines, this study was classed
as a routine service assessment rather than research per se, as all the procedures used for treatment
and assessment were performed as routine clinical practice, and therefore no ethical clearance was
necessary. That being said, each patient provided written informed consent to the collection and
processing of their anonymous clinical data in the service-level research setting.
All data were collected on the second day of admission to the programs. Specifically, BMI
was determined using the standard formula of body weight (kg) divided by height (m2) following
measurement of body weight and height using medical weighing scales (Seca Digital Wheelchair
Scale Model 664, Hamburg, Germany) and a stadiometer (Wall-Mounted Mechanical Height Rod
Model 00051A; Wunder, REA (MI), Italy), respectively. The scale was calibrated for accuracy by an
external accredited laboratory every two months. For the purposes of these measurements, participants
were weighed in the morning (12 h after eating) wearing only lightweight clothes and no shoes and
standing with minimal movement with hands by their sides. Body weight was measured once for each
participant to the nearest 0.1 kg.
Physical performance was assessed by means of the six-minute walking test (6MWT) [9] according
to international guidelines [10]. The 6MWT was performed along a 20 m long corridor in the department,
marked with tape on the floor every 2 m; starting and finishing points were also marked on the floor
in a similar fashion. Before the start and at the end of each test, pulse, respiratory rate, and oxygen
saturation were measured. The patients were instructed to walk as fast as they could, but were
allowed to stop or rest during the test if necessary. All participants concluded the test without breaks.
The specific reference equation for predicting distance walked in six minutes in adult subjects with
obesity [9] was used to assess the difference between the predicted and real 6MWT scores. The patients
walking as far as or farther than predicted were included in Group H (i.e., obesity with a higher 6MWT
score than expected), and the patients walking less than predicted were allocated to Group L (i.e.,
obesity with a lower 6MWT score than expected).
The quality of life was assessed using the validated Italian version of the Short Form-36 (SF-36)—a
generic health related quality-of-life questionnaire [11,12]. The SF-36 incorporates questions about
(role) functioning and satisfaction with various life domains; it consists of 36 questions, and assesses
four domains related to the physical component of quality of life (Physical Functioning, Physical
6
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Role Functioning, Bodily Pain, General Health Perception), and four domains related to the mental
component (Vitality, Social Functioning, Emotional Role Functioning, and Mental Health). SF-36 scale
scores range from 0 to 100; a higher score indicates a better quality of life.
Statistical Analysis
Variables are presented as means and standard deviations, or frequencies and percentages, as
appropriate. Either the t-test or the chi-squared test was used to compare Group L and Group H, as
appropriate. Network analysis was performed on the 8 SF-36 domain scores for each group, thereby
creating a graphical representation of the interconnections between SF-36 domains; domains are
depicted as nodes, while their intercorrelations are represented as lines, or “edges”—the thicker and
more saturated the edge, the stronger the correlation. The network display is based on an algorithm [13]
that places strongly associated nodes at the center of the network and weakly associated nodes at
the periphery. To reduce the number of false-positive edges, the Least Absolute Shrinkage and Selection
Operator (LASSO) was applied. It estimates small or unstable correlations as zero, and thereby creates
a conservative model; this way, the network edges that are less likely to be genuine are removed, and
the network is easier to interpret.
Once a collection of networks had been obtained, we minimized the Extended Bayesian Information
Criterion (EBIC) [14] to optimize their fit; this process is a particularly effective means of revealing
the true network structure [15,16], especially when the generating network is sparse (i.e., does not
contain many edges).
To quantify the importance of each node in the network, we then calculated the betweenness,
closeness, and strength centrality indices. The betweenness denotes the number of times a specific node
acts as a bridge along the shortest path between two nodes, while the closeness measures the number of
direct and indirect links between each node and the others; the strength of these inter-node connections
is expressed as the degree. [17]. Each of these indices were normalized (mean = 0, and standard
deviation (SD) = 1), so that an index value of > 1 indicates that it is > 1 SD from the mean.
Data management and descriptive analyses were performed using SPSS version 26, and the network
analysis—using the JASP version 0.10.2 statistical software (Department of Psychological Methods
University of Amsterdam, Amsterdam, The Netherlands, https://jasp-stats.org/).The R-package
NetworkComparisonTest was used to test the invariant network structure, the invariant edge strength,
and the invariant global strength between subgroups [7].
3. Results
3.1. Patient characteristics
Of the 716 patients recruited, 35.3% (n = 253) covered more distance in the 6MWT than predicted,
and 64.7% (n = 463) did not. On the basis of these distances, the patients were allocated to Groups H
and L, respectively. The two groups had similar age, BMI and waist circumference. However, Group
H patients had greater body weight and higher scores in all SF-36 domains than those in Group L.
A greater proportion of males than females reached a higher 6MWT score than expected (Table 1).
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Table 1. Demographic and clinical characteristics of patients with obesity walking as far as or farther
than predicted during the six-minute walking test (Group H), and of patients with obesity walking
less than predicted during the six-minute walking test (Group L). Data are presented as mean ± SD or
number (%), as appropriate.




Female 357 (77.1%) 101 (22.1%)
98.1 <0.001Male 106 (22.9%) 152 (77.9%)
Age, years 51.1 ± 12.3 50.1 ± 10.5 1.17 0.244
Body weight, kg 112.7 ± 24.8 123.0 ± 24.4 5.36 <0.001
Body mass index, kg/m2 41.8 ± 8.0 41.5 ± 6.8 0.46 0.644
Waist circumference, cm 124.2 ±19.3 126.5 ± 18.3 1.51 0.132
Short Form-36
Physical Functioning 54.9 ± 26.2 71.8 ± 20.8 9.39 <0.001
Physical Role
Functioning
51.1 ± 40.7 65.7 ± 38.1 4.64 <0.001
Bodily Pain 50.3 ± 27.4 65.5 ± 25.3 7.31 <0.001
General Health
Perception
46.9 ± 19.1 55.7 ± 20.4 5.35 <0.001
Vitality 46.9 ± 20.6 54.1 ± 18.0 4.62 <0.001
Social Functioning 62.4 ± 26.2 67.4 ± 24.4 2.47 0.014
Emotional Role
Functioning
60.6 ± 42.3 70.3 ± 39.0 2.97 0.003
Mental Health 60.0 ± 20.6 65.9 ± 17.7 4.04 <0.001
3.2. Network structure in Group L and Group H
The network analysis was carried out on the overall sample, which included 253 Group H patients
and 463 Group L patients. The network structure confirmed that SF-36 physical and mental components,
colored in black and white, respectively, comprised two distinct clusters in both Groups (Figure 1).
Groups H and L displayed similar values for the maximum difference in all of the edge weights of
the networks (M = 0.30, p = 0.11). Moreover, the difference in global strength between the networks
was not significant (S = 0.18, p = 0.82).
Concerning the centrality of SF-36 domains, two domains played a key role. In Group H, Physical
Functioning and Vitality had the highest betweenness (directly connecting more items with each other)
and closeness (direct and indirect connections with other items), and Vitality had the highest degree
(stronger links with other items). On the other hand, in Group L, Emotional Role Functioning and
Physical Role Functioning had the highest betweenness, whereas Vitality had highest closeness, and
Vitality and Mental Health the highest degrees (stronger links with other items).
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Figure 1. The network of SF-36 quality-of-life domains for patients with obesity walking less than
predicted during the six-minute walking test (Group L, on the left), and for patients with obesity
walking as far as or farther than predicted during the six-minute walking test (Group H, on the right),
and their respective centrality indices (panel C: red line = Group L; blue line = Group H).
4. Discussion
This study aimed to evaluate the interconnections between quality-of-life domains in patients
with obesity and either low or high physical performance levels using a network approach. This
innovative analysis revealed three main findings. Firstly, about two-thirds of patients with obesity
walked a smaller distance than expected. This could be attributed to the severity of clinical features in
our sample, which was comprised of patients seeking treatment for obesity in an inpatient setting, and
could indicate that their reduced functional capacity was due to comorbid conditions associated with
obesity [9].
The second finding concerns the differences between the two groups. As expected,
the lower-performing patients had a lower quality of life than those who walked farther than
predicted, confirming that physical functioning and quality of life are associated in both the physical
and mental domains of the latter.
Our third finding indicated that the network structures of low- and high-performing patients
seeking treatment for obesity are invariant. This indicates that the key elements for evaluating
the quality of life in a person with obesity are similar, regardless of their physical performance level.
In both networks, Vitality (a domain including items investigating pep/life, energy, worn out, tired)
plays a key role and represents the domain with the strongest connections with all the other domains,
indicating the importance of this variable in the perception of quality of life. In low-performing
patients, Mental Health (a domain including items investigating nervous, down in dumps, peaceful,
blue/sad, happy) was found to be a key variable, too, suggesting that patients with low physical
performance tend to judge their quality of life based mainly on psychological variables, and seem less
9
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interested in physical variables. This could, in part, explain the less attention to maintaining good
physical performance in this subgroup of patients with obesity.
The study has two main strengths. Firstly, to our knowledge, it is the first to apply network
analysis to investigate the relationships between quality of life domains in patients with obesity, and to
explore the network structure and strength of relationships between quality of life domains as related
to lower and higher physical performance levels. Secondly, the fact that we used the 6MWT to measure
performance means that the study would be easy to replicate. Testing the ability to walk a distance is
a quick and inexpensive measure of physical function, and an important component of quality of life,
since it reflects the capacity to undertake day-to-day activities.
However, the study also has certain weaknesses. Firstly, it was a cross-sectional study measuring
quality of life during a single examination session, and we cannot therefore draw conclusions about
the association between physical performance and quality of life in the management of obesity over
time. Secondly, while we have routinely measured pulse, oxygen, and respiratory rates during
the 6MWT, we have not collected these data in the data set, and therefore we do not have accurate
information about these variables of physical fitness. Thirdly, generalizing these study’s findings
beyond this inpatient population should be attempted with caution, because our sample may not be
representative of patients with obesity seeking treatment in other settings, such as outpatient treatment,
or subjects with obesity not seeking treatment.
5. Conclusions
Network comparisons provided interesting insight into the most interlinked quality of life domains
in patients with obesity and low and high physical performance levels, revealing similar network
structures, with Vitality playing a central role among quality of life variables. Moreover, in patients
with obesity and low physical performance levels, Mental Health is a central variable, indicating that
psychological aspects should be considered in defining quality of life in patients with low physical
performance levels. Knowledge of these aspects can provide a useful guide for clinicians, suggesting
the use of psychosocial interventions and improving the importance of physical fitness aspects in
obesity management, especially in patients with low physical performance. Future studies should
contribute to clarifying the relationship between quality of life and physical performance using new
statistical approaches, including network analysis. Moreover, well-conducted longitudinal clinical
trials and intervention studies should be performed to evaluate the effect of associating strategies to
improve mental health on the standard weight management in improving physical fitness and quality
of life of patients with obesity.
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Abstract: The aim of this study was to examine whether a type of exercise favors better compliance
with a prescribed diet, higher eating-related motivation, healthier diet composition or greater changes
in body composition in overweight and obese subjects. One hundred and sixty-two (males n = 79),
aged 18–50 years, were randomized into four intervention groups during 24 weeks: strength,
endurance, combined strength + endurance and guideline-based physical activity; all in combination
with a 25–30% caloric restriction diet. A food frequency questionnaire and a “3-day food and drink
record” were applied pre- and post-intervention. Diet and exercise-related motivation levels were
evaluated with a questionnaire developed for this study. Body composition was assessed by DXA and
habitual physical activity was measured by accelerometry. Body weight, body mass index (BMI) and
body fat percentage decreased and lean body mass increased after the intervention, without differences
by groups. No interactions were observed between intervention groups and time; all showing a
decreased in energy intake (p < 0.001). Carbohydrate and protein intakes increased, and fat intake
decreased from pre- to post-intervention without significant interactions with intervention groups,
BMI category or gender (p < 0.001). Diet-related motivation showed a tendency to increase from
pre- to post-intervention (70.0 ± 0.5 vs 71.0 ± 0.6, p = 0.053), without significant interactions with
intervention groups, BMI or gender. Regarding motivation for exercise, gender x time interactions
were observed (F(1,146) = 7.452, p = 0.007): Women increased their motivation after the intervention
(pre: 17.6 ± 0.3, post: 18.2 ± 0.3), while men maintained it. These findings suggest that there are no
substantial effects of exercise type on energy intake, macronutrient selection or body composition
changes. After a six-month weight loss program, individuals did not reduce their motivation related
to diet or exercise, especially women. Individuals who initiate a long-term exercise program do not
increase their energy intake in a compensatory fashion, if diet advices are included.
Nutrients 2020, 12, 557; doi:10.3390/nu12020557 www.mdpi.com/journal/nutrients13
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1. Introduction
Obesity is a public health problem, given it relates numerous risk factors for cardiovascular
disease and comorbidities [1]; this points out the need for further studies. It is known that healthy
habits of physical activity and nutrition work together to maintain body weight at desirable levels [2].
Although diet contributes to a greater extent for short-term weight loss [3], exercise seems to be
important in maintaining this loss [4]. Thus, exercise might also facilitate long-term adherence to
healthy eating habits and behaviors.
Several studies have analyzed if exercise was able to modulate food intake [5,6], indicating that
participation in physical activity as well as its duration and intensity, could contribute to appetite
regulation [7], total calorie intake [8] and macronutrient composition of the diet [9,10], resulting in an
appropriate energy balance. Other studies have also shown an association between regular physical
activity and psychosocial and motivational factors related to a healthier eating behavior [11,12].
However, the type of exercise that can induce greater physiological and behavioral changes, related
to eating behavior and food intake, remains unclear. It appears that long-term exercise interventions
(more than 1 month) could decrease daily energy intake [5]. Regarding the intensity of effort, some
authors found that more intense exercise reduced feelings of hunger during and after its practice [10].
Other authors have shown that absolute caloric intake was superior in high-intensity exercise, compared
to moderate-intensity exercise [8]. In terms of the mode of exercise, most studies involved aerobic
exercises and regular weight individuals [8,10], and the results are not very consistent. In addition, the
literature lacks studies on the relationship between exercise and long-term diet adherence, and that
consider the composition of the diet. Therefore, the present study aimed at examining if there is a type
of exercise or a physical activity threshold (daily steps’ categories) that favors a better compliance with




Data for this study were derived from the Nutrition and Physical Activity for Obesity Treatment
(PRONAF). The inclusion criteria specified adult subjects, aged 18 to 50 years, who were overweight or
obese (25 kg/m2 ≤ body mass index [BMI] ≤ 34.9 kg/m2), sedentary (<30 min physical activity/day and
no participation in systematic strength or endurance training—moderate to high intensity more than
once a week—in the year prior to the start of the study), normoglycemic, non-smoking and, if females,
with regular menstrual cycles. Furthermore, participants with orthopedic limitations, records of stroke,
eating disorders such as anorexia, bulimia etc., or any other diseases or medications that could have an
effect on performance were also excluded from the study. From the 180 participants that comply with at
least 90% of the training sessions and an 80% adherence to the diet total, 162 subjects were included in
the analyses regarding the influence of type of exercise and 91 participants in the analyses concerning
the influence of physical activity. All participants signed a written informed consent. The PRONAF
study was approved by the Human Research Review Committee of the University Hospital La Paz
(HULP) (No.NCT01116856).
2.2. Study Design and Intervention
The intervention lasted 22 weeks and the assessments took place one week before (baseline) and
after (post) the intervention. Subjects were randomized by drawing lots to compose to one of the four
14
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intervention groups—strength training (S), endurance training (E), combined strength + endurance
training (SE) and a guideline-based physical activity (PA), assuring a homogeneous distribution of
age and gender among groups. The complete methodology and the diagram flow can be found in
Zapico et al. [13].
2.2.1. Exercise Protocols
The PA group followed general physical activity recommendations from the American College
of Sports Medicine [14]. These recommendations were transmitted to the participants via a personal
meeting. Exercise from this group was not supervised, like a classical intervention. Subjects in the
S, E, and SE groups trained three times per week. All training sessions were carefully supervised by
certified personal trainers. The exercise programs were designed according to the subject’s muscle
strength and heart rate reserve (Figure 1). All exercise programs were performed in circuit. Adherence
to exercise was calculated by the number of sessions completed in regard to the theoretical sessions
([sessions performed /total sessions] × 100).
 
Figure 1. Time line of the Study. HRR: heart rate reserve; RM: repetition maximum; S: strength training
group; E: endurance training group; SE: combined strength plus endurance training group; PA: physical
activity recommendations group.
2.2.2. Hypocaloric Diet
All participants underwent an individualized dietary intervention based on a hypocaloric
diet (25–30% reduction on the total daily energy expenditure) by expert dieticians.




Habitual physical activity was measured using the SenseWear Pro3 ArmbandTM (Body Media,
Pittsburgh, PA, USA) and data inclusion followed the criteria published elsewhere [16]. Three daily
steps’ categories considering initial data (before intervention) were established (<7500, 7500–10,000,
>10,000 steps) [17]. The accelerometer recorded PA in metabolic equivalents (METs) for each 60 s time
window (60 s epochs). Physical activity level was calculated using the average from the 3 valid days
and expressed as MET per day. The daily energy expenditure was calculated using the Body Media
propriety algorithm (Innerview Research Software Version 6.0, Body Media, Pittsburgh, PA, USA).
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2.3.2. Eating Behavior
All food and beverages consumed by the participants were recorded using a food frequency
questionnaire and a “three-day food and drink record” [18]. Also, participants were asked to measure
the amount of food consumed with household measurements (e.g., cups, teaspoons, tablespoons) or to
write down the quantity written on commercial packaging. The total energy intake (TEI) or kilocalories
consumed in the diet and macronutrient percentages (carbohydrate [CHO], fat and protein [PRO])
were calculated using the DIAL software (Alce Ingeniería S.L., Madrid, Spain). Diet compliance was
calculated as the estimated Kcal of the diet (provided by dieticians) divided by the real Kcal intake
([estimated kcal of diet/real Kcal intake] 100), representing perfect adherence values equal to 100.
2.3.3. Motivation
Motivation was evaluated with a questionnaire specifically developed for this study.
This questionnaire consisted of 10 questions, rated on a 10-point Likert-type scale. Eight questions
were related to diet motivation and two remaining to exercise motivation. Participants punctuated
their diet-related motivation on a scale of de 0 to 10 by answering the following questions: “What
is your motivation . . . ” (1) to make changes in diet; (2) to go to dietary control appointments; (3) to
reduce fat consumption (sausages, sauces, breaded, snacks, etc.); (4) to reduce the consumption of
sugars (candies, chocolates, cakes, etc.); (5) to reduce the consumption of alcohol (if the participant
did not consume alcohol, he should punctuate 10); (6) to increase fruit consumption; (7) to increase
consumption of vegetables; (8) to increase fish consumption. Also, subjects scored their exercise-related
motivation by answering the following questions: “What is your motivation . . . ” (1) to exercise
regularly; (2) to perform the physical exercise tasks recommended in the program. The total scores for
diet and exercise-related motivation were calculated by summing the scores of the respective questions.
Subscales of motivations to diet and exercise showed acceptable internal consistency, with Cronbach’s
alphas of 0.73, and 0.84, respectively.
2.3.4. Body Composition
Body composition was assessed by dual-energy X-ray absorptiometry scan (DXA) (GE Lunar
Prodigy; GE Healthcare, Madison, WI, USA). Height was measured using a Seca Stadiometer (Quirumed,
Valencia, Spain), which has a range of 80–200 cm. Body mass was measured using a TANITA BC-420MA
balance (Bio Lógica Tecnología Médica S.L, Barcelona, Spain).
2.4. Statistical Procedures
Data are presented as mean ± SD. One-way analysis of variance (ANOVA) was used to analyze
differences at baseline among the four intervention groups. Four-way repeated measures ANOVA
were used to determine differences among the four intervention groups or among the three daily steps’
categories, BMI categories and gender by time. Bonferroni post-hoc tests were employed to locate
specific differences. Partial eta-squared (η2P) was adopted for interactions and small, moderate and large
effect corresponded to values equal or greater than 0.001, 0.059, and 0.138, respectively [19]. Effect sizes
(ES) were calculated by Cohen’s d and interpretation based on <0.2 = trivial, ≥0.2<0.5 = small effect,
≥0.5<0.8 =moderate effect, and ≥0.8 = large effect. Pearson’s correlations separated by intervention
groups were used to test associations between eating behavior, physical activity and motivations
changes. All analyses were conducted in SPSS-PC v20 (IBM SPSS Statistics, Armonk, NY USA), and
level of significance was set at 0.05.
3. Results
Participants’ baseline characteristics are described in Table 1. No differences were observed among
intervention groups for any variable.
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Large negative correlations between diet compliance and TEI were observed in all intervention
groups (p < 0.001). Moderate to large correlations between motivations to diet and to exercise were
also observed in all groups (p < 0.05), except in the strength group (Table 2).
Analysis of variance showed that all intervention groups, similarly, decreased body weight
(F(1,143) = 661.636, p < 0.001, ES = 0.58), BMI (F(1,143) = 424.586, p < 0.001, ES = 0.96) and body fat
percentage (F(1,143) = 485.434, p < 0.001, ES = 0.79) and increased lean body mass (F(1,143) = 484.113,
p < 0.001, ES = 0.78). Men had greater body weight and lean body mass and smaller body fat percentage
than women before and after the intervention (p < 0.001). The remaining interactions and factors were
not significant (Figure 2).
Moreover, gender-time interactions (F(1,137) = 4.783, p = 0.030, η2P = 0.034) and BMI category-time
interactions (F(1,137) = 13.233, p < 0.001, η2P = 0.088) for TEI were observed. Men consumed more calories
in both, pre- and post-intervention than women (differences: 615.6 kcal, p < 0.001, ES = 0.72; 314.0 kcal,
p = 0.002, ES = 0.66; respectively). Obese subjects showed greater TEI than overweight participants in
pre- and post-intervention (differences: 685.6 kcal, p < 0.001, ES = 0.81; 176.9 kcal, p = 0.029, ES = 0.36;
respectively). However, no interactions were observed between intervention groups and time and all
of them decreased energy intake (F(1,137) = 133.742, p < 0.001, ES = 1.06). The remaining interactions
and factors were not significant. CHO and PRO intakes increased and fat intake decreased from pre-
to post-intervention (CHO: F(1,137) = 65.652, p < 0.001, ES = 0.81; PRO: F(1,137) = 90.606, p < 0.001,
ES = 1.02; fat: F(1,137) = 116.561, p < 0.001, ES = 1.16) without significant interactions with intervention
groups, BMI category or gender (Figure 3). The remaining interactions and factors were not significant.
Diet-related motivation showed a tendency to increase from pre to post-intervention (F(1,146) = 3.799,
p = 0.053, ES = 0.14), without significant interactions with intervention groups, BMI category or
gender. In relation to motivation to exercise, interactions between gender and time were observed
(F(1,146) = 7.452, p = 0.007, η2P = 0.049), and only women increased their motivation after the intervention
(pre: 17.6 ± 2.5, post: 18.3 ± 2.0, p = 0.034, ES = 0.31). There was a tendency of interactions between
intervention group and time (F(3,146) = 2.440, p = 0.067, η2P = 0.048) and pairwise comparisons showed
that only the PA group decreased motivation to exercise (p = 0.045, ES = 0.25). No interactions with
BMI category were observed. The remaining interactions and factors were not significant (Figure 4).
When the sample was analyzed by daily steps categories (n = 91) similar results were observed.
Anthropometric and body composition changes were in the same direction as observed for intervention
groups, without differences among daily step categories: Body weight, BMI and body fat percentage
decreased and lean body mass increased (p < 0.05). BMI category-time interactions were also observed
for TEI, and obese individuals obtained greater values than overweight in the pre-intervention
(difference: 765.4 kcal, p = 0.004, ES = 0.78). However, no interactions were observed between daily
step categories and time and all of them decreased energy intake (p < 0.05). In addition, as observed
earlier, CHO and PRO increased and fat decreased (p < 0.05). However, individuals who started the
intervention program with more daily steps increased PRO compared to individuals who performed
less than 7500 daily steps, independently of BMI category or gender (≥7500<10000: p = 0.011, ES = 0.69;
≥10000: p < 0.001, ES = 1.54). The observed tendency towards an increase in diet-related motivation in
all intervention groups was, in this case, significant (p < 0.05) without interactions with daily steps’
categories, BMI category or gender. Gender-time interaction was also found for motivation to exercise
and only women increased their motivation after the intervention (pre: 17.8 ± 2.4, post: 18.8 ± 1.8,
p = 0.011, ES = 0.47). The remaining interactions and factors were not significant (Table 3).
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Table 1. Baseline characteristics.
Variables S (n = 39) E (n = 48) SE (n = 42) PA (n = 33) F (p)
Male (%) 46.2 41.7 50.0 60.6 0.399 §
Age (yrs) 38.1 ± 8.9 37.4 ± 7.9 38.7 ± 6.6 38.4 ± 7.9 0.223 (0.88)
Body weight (kg) 88.5 ± 12.5 84.3 ± 11.2 88.8 ± 15.6 88.5 ± 12.6 1.264 (0.29)
Height (cm) 169.5 ± 9.8 167.9 ± 9.1 170.2 ± 10.3 169.5 ± 9.4 0.474 (0.70)
Body mass index (kg/m2) 30.7 ± 2.2 30.4 ± 2.6 30.2 ± 3.1 30.8 ± 2.6 0.399 (0.75)
Body Fat (%) 41.4 ± 6.0 41.2 ± 6.2 40.8 ± 7.0 40.6 ± 5.7 0.158 (0.92)
Lean body mass (%) 56.7 ± 5.7 56.9 ± 5.8 57.3 ± 6.6 57.5 ± 5.4 0.156 (0.93)
Total Energy Intake (kcal) 2578.4 ± 964.0 2598.74 ± 1122.8 2412.2 ± 727.0 2512.3 ± 709.2 0.335 (0.80)
PAL (METs/day) 1.4 ± 0.2 1.3 ± 0.2 1.4 ± 0.2 1.3 ± 0.1 0.785 (0.50)
Number of steps (steps/day) 11231.5 ± 3648.7 10130.1 ± 3760.1 10064.5 ± 3134.2 9409.6 ± 2189.3 1.010 (0.39)
Data are presented as mean ± SD. S: strength training group; E: endurance training group; SE: combined strength
plus endurance training group; PA: physical activity recommendations group; PAL: physical activity level; METs:
metabolic equivalents. § Chi-Square statistics.
Table 2. Pearson’s correlations between changes in dietary variables, motivation and physical activity.
STRENGTH GROUP AEROBIC GROUP







to Diet to Exercise to Diet to Exercise
TEI 1 1
Diet compliance −0.93 ** 1 −0.88 ** 1
MVPA 0.46 * −0.26 1 −0.15 0.14 1
Motivation to diet 0.10 −0.18 −0.22 1 −0.03 −0.09 0.33 1
Motivation to
exercise 0.28 −0.33 * −0.15 0.18 1 0.08 −0.10 0.07 0.49 ** 1
COMBINED GROUP PHYSICAL ACTIVITY GROUP
TEI 1 1
Diet compliance −0.88 ** 1 −0.92 ** 1
MVPA 0.28 −0.14 1 −0.33 0.65 * 1
Motivation to diet −0.13 0.10 −0.01 1 0.29 −0.28 −0.10 1
Motivation to
exercise 0.04 −0.07 0.01 0.42 * 1 0.15 −0.08 0.03 0.43 * 1
TEI: total energy intake; MVPA: moderate-to-vigorous physical activity. * p < 0.05; ** p < 0.001.
Figure 2. Anthropometric characteristics and body composition before and after the intervention. BMI:
body mass index; S: strength training group; E: endurance training group; SE: combined strength plus
endurance training group; PA: physical activity recommendations group.
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Figure 3. Total energy intake and macronutrient percentages before and after the intervention. TEI:
total energy intake; CHO: carbohydrate intake; PRO: protein intake; FAT: fat intake; S: strength training
group; E: endurance training group; SE: combined strength plus endurance training group; PA: physical
activity recommendations group.
Figure 4. Motivation to diet and exercise before and after the intervention. S: strength training
group; E: endurance training group; SE: strength and endurance training group; PA: physical activity
recommendations group.
4. Discussion
The main findings of this study were: (1) Macronutrient distribution and total caloric intake did
not differ among strength, endurance, combined or guideline-based physical activity groups; (2) if diet
21
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advices are included, long-term exercise programs do not increase energy intake in a compensatory
fashion; (3) individuals that started the program performing >7500 daily steps revealed greater
increases in protein intake; (4) motivation to exercise increased only in women.
To the best of our knowledge, this is the first study to investigate macronutrient distribution among
three different types of exercise interventions in circuit. Our results are in accordance with previous
findings that have suggested there is no substantial effect of a specific exercise on macronutrient
selection [5,20]. The literature is limited and there are very few trials of sufficient duration [21]. A recent
meta-analysis investigating whether an increase in exercise or physical activity could alter ad-libitum
daily energy intake or macronutrient composition in healthy adults, evaluated 24 randomized trials.
From these 24 trials, only two evaluated different types of exercise [21]. Shaw et al. [22] compared the
effects of endurance and combined training in normal weight subjects, while Bales et al. [23], compared
the effects of endurance, resistance and the linear combination of both in obese individuals. As in our
study, their results also pointed to a reduction in energy intake; however these studies did not find any
change in the percentage contribution of each macronutrient.
Our data showed similar decreases in fat intake in all intervention groups. Many studies found
consistent negative associations between fat intake and BMI or waist circumference, besides pointing
to a contribution of diet composition, especially saturated fat and refined carbohydrates, in oxidative
stress and inflammation [24]. Thus, decreases, observed in this study for fat intake, could contribute to
a healthier life, considering that the Spanish population typically presents an excessive consumption
of fats [25]. Our results also showed an increase of CHO and PRO intakes in all intervention groups.
This homogeneous change among the four groups in our study could be due to the fact that all
individuals received the same diet restriction and advices, which probably influenced these responses.
Other factors, as exercise intensity [9], genetics [26], or social conditions [27], also could induce
differences in macronutrient selection. Furthermore, conscious food choices could mask the exercise
effects to consume a particular combination of macronutrients [5].
A significant decrease in the total energy intake in response to all interventions was observed
in our study, demonstrating that various types of exercise and physical activity recommendations,
allied to diet, can be effective in maintaining lower energy intake even after the end of the program.
The energy deficits achieved in this study (about 780 kcal) can be considered clinically meaningful and
relevant for weight management, since a deficit of 100 kcal and 189 kcal per day have been estimated
to prevent weight regain [28]. Our results confirmed the claim that sedentary individuals who initiate
a long-term exercise program do not increase their energy intake in a compensatory fashion [23], if diet
advices are included.
In our study, although the sample was sedentary at the beginning of the intervention (<30 min
physical activity/day), subjects who started the program with more daily steps presented an increase in
protein intake, although diet recommendations were equal for all the participants. Other studies have
shown that active individuals consumed more protein than inactive counterparts [10,29]. This fact
could be related to the belief that active individuals need to consume more proteins than sedentary
individuals [10].
Regarding motivation to diet and exercise, our findings indicated a good acceptance of the
intervention program by the individuals. Although, motivation to exercise increased only in women,
men did not decrease it. These findings are in line with previous studies observing differences
in motivation to exercise between men and women [30]. According to this study, the reasons for
exercise seem to differ between genders, with men being more motivated by competitiveness and
exceeding limits, while women tend to be more motivated by aspects related to aesthetics [31].
Still, prior research has shown that better quality motivations for exercise (i.e., autonomous) can be
effectively promoted in weight management interventions, contributing to sustained weight loss [32].
Weman-Josefsson et al. [33], showed that exercise autonomous (i.e., good quality) motivation was a
stronger predictor of continued exercise participation for women rather than for men. Therefore, in
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our study, weight loss could have contributed for an increase in autonomous motivation in women.
Future studies should confirm this hypothesis.
Nutritional education alone may not be sufficient for changing eating behavior [34], and variations
in adopted behaviors can affect energy balance and weight loss success. In this sense, exercise seems to
play an important role in inducing better energy deficit in relation to dietary restriction, through the
prevention of nutritional compensatory responses [35]. Furthermore, a strong relationship between
exercise and eating behavior has been observed, and individuals who reported being internally
motivated to eat were significantly more likely to engage in physical activity and presented lower
BMI [36,37]. In fact, studies have indicated that emotionally-driven eating was related with less
engagement in physical activity [38] and higher BMI [39,40].
Although ANOVA has not showed differences among intervention groups in energy intake,
macronutrient distribution or motivations to diet and to exercise, some correlation results are worth
to be commented upon. Correlations between motivations to diet and to exercise were found for
all groups, except for the strength group. In general, the correlations observed in the strength
group showed that individuals who ate more also moved more, and those who ate less moved less.
The strength group was the only one that, although not significantly, increased absolute lean mass
(data not shown). Blundell et al. [41] observed that fat-free mass was positively associated with daily
energy intake and hunger levels, which could explain, at least in part, some results found in this group.
Guelfi and colleagues [42] found that aerobic exercise was associated with an increase in satiety, while
an equivalent period of 12 weeks of resistance training was not. It is possible that resistance exercise
needs more time to improve the responses related to appetite control and further research should
investigate these responses in relation to chronic exercise in a longer period of time (one year or more).
Nutritional behavior plays an important role in predicting cardiovascular risk for any category
of BMI, and exercise behavior is also an important predictor for the presence of normal weight
or overweight [43]. Further research is required to determine the mechanisms through which
exercise training may affect and improve eating behavior, besides increasing the understanding that
obesity is not a simple matter of will power or that merely eating less and exercising more is the
solution [44]. Desirable eating and physical activity habits can be the best allies against overweight and
its consequences, without adverse effects, unlike other methods such as herbal weight-loss products [45]
or medications [46]. Success in long-term weight loss and maintenance increases as more behavioral
dimensions are involved in the behavior change process [47].
There are many strengths in the study, such as the randomized design; inclusion of four different
training programs in the same study, combined with caloric restriction in all interventions, and inclusion
of appropriate programs of strength and combined training for comparison among groups, however,
some limitations can be highlighted, including; [1] non-assessment behavioral/psychological markers
of eating behavior (food cravings, emotional eating, eating disinhibition, etc.); [2] non-inclusion of a
‘no treatment’ control group; but rather compared the new intervention with the previous one that has
been proven to be effective (i.e., diet and exercise recommendations) and is broadly accepted from an
ethical point of view and in clinical practice; [3] non-compliance with the criteria for the analysis of the
accelerometry data pointed to the difficulty of the use of the equipment by the subjects, and did not
allow a more complete analysis of the data to be performed.
5. Conclusions
In conclusion, individuals who initiate a long-term exercise program do not increase their energy
intake in a compensatory fashion, if diet advices are included. Our findings suggest that there is no
substantial effect of the type of exercise on macronutrient selection or energy intake, but they point out
a general change on these parameters when an exercise program is followed. Significant increases
in carbohydrate and protein intakes and decreases in fat and total energy intakes were reported,
regardless of the type of exercise, BMI category or gender, as a result of following a weight loss program.
Furthermore, in a subsample of the present study, individuals who started the intervention performing
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higher number of daily steps increased more their protein intake than those who performed <7500
daily steps. Lastly, there were increases in diet and exercise motivations, although motivation to
exercise was incremented only in women.
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Abstract: Background: Due to the inflammatory nature of multiple sclerosis (MS), interleukin 6
(IL-6) is high in blood levels, and it also increases the levels of anxiety related to functional disability.
Epigallocatechin gallate (EGCG) decreases IL-6, which could be enhanced by the anti-inflammatory
effect of high ketone bodies after administering coconut oil (both of which are an anxiolytic). Therefore,
the aim of this study was to assess the impact of coconut oil and EGCG on the levels of IL-6, anxiety
and functional disability in patients with MS. Methods: A pilot study was conducted for four months
with 51 MS patients who were randomly divided into an intervention group and a control group. The
intervention group received 800 mg of EGCG and 60 mL of coconut oil, and the control group was
prescribed a placebo. Both groups followed the same isocaloric Mediterranean diet. State and trait
anxiety were determined before and after the study by means of the State-Trait Anxiety Inventory
(STAI). In addition, IL-6 in serum was measured using the ELISA technique and functional capacity
was determined with the Expanded Disability Status Scale (EDSS) and the body mass index (BMI).
Results: State anxiety and functional capacity decreased in the intervention group and IL-6 decreased
in both groups. Conclusions: EGCG and coconut oil improve state anxiety and functional capacity. In
addition, a decrease in IL-6 is observed in patients with MS, possibly due to the antioxidant capacity
of the Mediterranean diet and its impact on improving BMI.
Keywords: multiple sclerosis; epigallocatechin gallate; coconut oil; interleukin-6; anxiety; disability
1. Introduction
Multiple sclerosis (MS) is a chronic, inflammatory and autoimmune disease of the central nervous
system (CNS) that causes a progressive deterioration of the myelin sheath associated with axonal
injuries at a neuronal level, leading to functional disability. This neuronal damage is mainly based on
high oxidative stress and inflammation in the central nervous system, affecting the permeability of the
blood–brain barrier (BBB) and allowing autoreactive T cells, B cells, macrophages and microglia to
access and especially damage the white matter in the brain and spinal cord [1–3].
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Due to the inflammatory nature of MS, several inflammatory markers have been related to the
disease, especially interleukin 6 (IL-6) whose levels are significantly high in MS patients [4]. Thus,
it has been demonstrated that T cells in MS patients have more IL-6 receptors in peripheral blood
than healthy individuals [5]. Due to the fact that it is an inflammatory marker, the amounts increase
when the person is overweight or obese, which is determined by means of anthropometric parameters,
such as the body mass index (BMI) [6] that is correlated with the individual’s adiposity [7]. Clinically
speaking, there is a relation to characteristic aspects of the disease, such as relapses and functional
disability [4], and with its pathogenesis [8].
Nonetheless, patients with a higher concentration of IL-6 in serum show higher levels of anxiety [9].
Thus, the most anxious individuals have higher levels of IL-6, regardless of their age or gender [10].
Anxiety has been observed to influence the level of inflammation, increasing the risk of developing
inflammatory diseases [11]. The influence of anxiety is due to a transcriptional pattern observed in
animal models, in which monocytes are recruited that specifically depend on the increase of IL-6 in
serum [12], once anxiety in stressful situations is caused. As a result of this link between the high
levels of IL-6 and the perception of anxiety, we can see that anxiety disorders are found amongst the
most common psychiatric disorders associated with MS [13]. In addition, anxiety symptoms have
an effect on the course of the disease, increasing the levels of fatigue [14] and especially functional
disability [15].
In this sense, ketone bodies obtained through hepatic beta-oxidation have shown improvements
in inflammatory markers, including lipid markers, glycated haemoglobin (HbA1c) or high-sensitivity
C-reactive proteins that are related to an increase in the total antioxidant state in blood [16].
Particularly in MS, the ketone body β-hydroxybutyrate (BHB) activates HCA2 receptors expressed by
neuroinflammatory cells, reducing neuroinflammation [17] and achieving a neuroprotective effect [18].
In addition, ketone bodies have decreased the perception of anxiety in animal models with Alzheimer’s
disease, where an anxiolytic effect of the ketogenic diet has been observed [19], and in humans of
advanced age [20]. Regarding the nutrients capable of providing higher levels of ketone bodies in
blood, those with high levels of medium-chain triglycerides (MCTs) stand out, with coconut oil possibly
being the food with the highest amount of MCTs, due to the high percentages of medium-chain fatty
acids (MCFAs), such as lauric acid, palmitic acid, stearic acid, myristic acid and oleic acid [21]. These
acids are absorbed intact and do not suffer degradation and reesterification processes [22].
On the other hand, epigallocatechin gallate (EGCG) is a polyphenolic catechin with a high
antioxidant and anti-inflammatory activity [23,24]. EGCG’s protective effect allows it to be especially
efficient in autoimmune diseases, such as MS, as it promotes the repression of autoreactive T cell
proliferation, a reduced production of proinflammatory cytokines, a decrease in Th1 and Th17, as well
as an increase in the regulatory T cell populations in lymphoid tissues and the CNS [25]. It also takes
the spotlight due to its capacity to penetrate the blood–brain barrier [26] and to accumulate inside the
mitochondria of the neurons, decreasing apoptosis due to the high oxidative stress of the disease [27].
Finally, EGCG is also related to an emotional improvement, especially in terms of anxiety, as
the activity of GABA receptors is modulated [28]. This would explain the decrease in anxiety after
administration in CNS diseases, such as schizophrenia [29]. Therefore, the aim of this study was to
assess the impact of coconut oil and EGCG on the levels of IL-6 and anxiety related to functional
disability in MS patients.
2. Materials and Methods
A prospective, mixed and experimental pilot study was conducted by means of a clinical trial.
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2.1. Subjects
The population sample was obtained from the main state-wide MS associations who were
previously informed on the characteristics of the study. Sixty-seven people were interested in
voluntarily taking part in the study. The following selection criteria were applied: patients over
18 years of age diagnosed with MS at least 6 months prior and treated with glatiramer acetate and
interferon beta. On the other hand, the exclusion criteria included: pregnant or breastfeeding women,
patients with tracheotomy, stoma or with short bowel syndrome, patients with dementia, evidence
of alcohol or drug abuse, with myocardial infarction, heart failure, cardia dysrhythmia, symptoms
of angina or other heart conditions, patients with kidney conditions with creatinine levels two times
higher than normal markers, patients with elevated liver markers three times higher than normal or
with chronic liver disease, patients with metabolic or endocrine diseases such as hyperthyroidism or
diabetes, patients with acromegaly, patients with polycystic ovary syndrome or MS patients who were
included in other researches with experimental drugs or treatment.
2.2. Statistical Analysis
Statistical analysis was performed with the SPSS v.23 (IBM Corporation, Armonk, NY, USA)
tool. The first step aimed to estimate the distribution of the variables investigated through statistical
methods to assess normality, including the Kolmogorov–Smirnov Test. This analysis demonstrated the
non-normal distribution of all the scale variables studied. Therefore, the U de Mann–Whitney test and
the Wilcoxon signed-rank test were used to assess the inter-group and pre-post differences, respectively.
Categorical data were analysed with a chi-square test. A p-value below 0.05 was considered significant.
Data are presented as mean ± standard deviation, or the number of patients and percentage.
2.3. Procedure
Once the final population sample was obtained, the patients received further information on the
study, as well as the set objectives and the tests and analyses that would be carried out. They were also
provided with instructions to not change the prescribed diet for each case (depending on whether they
were in the control group or intervention group), as well as to take the capsules on a daily basis at the
scheduled times over the 4-month duration of the intervention. In order to verify the patients complied
with the treatment, members of the team made weekly telephone calls (on Monday mornings) to each
and every patient. They were asked about any doubts or incidences regarding the diet, with the aim of
ensuring the caloric intake was followed, or whether they had had any issue with the capsules (such as
an intolerance or side effect). These calls were carried out over the 4 months of the duration of the
intervention. No general issues or problems with the diet or capsules were registered.
2.4. Intervention
Once the selection criteria had been applied, a final sample of 51 MS patients was obtained. They
were randomly divided into the intervention and control group. The intervention group received an
isocaloric diet for 4 months (adapted to the individual characteristics of each patient and divided into
5 meals a day: breakfast, mid-morning snack, lunch, afternoon snack and dinner) enriched with 60 mL
of extra virgin coconut oil divided into 2 equal intakes (30 mL for breakfast and 30 mL for lunch), and
supplemented with 800 mg of EGCG administered in two capsules of 400 mg to be taken twice a day
(once capsule in the morning and another in the afternoon).
On the other hand, the control group followed the same isocaloric diet as the intervention group
for the same 4 months, as well as administering placebo (capsules containing microcrystalline cellulose,
matching in size and colour). They followed the same instructions as the intervention group. The
base diet followed by both groups included the following percentage distribution of the 3 main
macronutrients with respect to the total caloric value: 20% proteins, 40% carbohydrates and 40%
Mediterranean lipids.
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This diet was based on the Mediterranean-type food pattern, and was characterised for being
balanced, varied and with sufficient calories, by providing adequate food proportions divided into
5 daily intakes. The consumption of proteins with a high biological value of animal origin such as
fresh fish, eggs and dairy products (milk, yoghurt and cheese) were highlighted, to the detriment
of meat and meat products. In addition, plant protein was provided based on a combination of
cereals and pulses. In terms of carbohydrates, they were complex and rich in fibre, provided from
rice, cereals, wholegrain bread, pulses, tubers, vegetables and fruit. Regarding lipids, there was a
predomination of monounsaturated fatty acids from extra virgin olive oil and nuts rich in omega-3
and omega-6, thus minimising the intake of saturated fatty acids. It is also important to highlight the
high level of antioxidants in the diet, especially polyphenols estimated from the work carried out by
Manach et al. [30] of 758.85 mg per day, per kg of various fresh foods containing them.
2.5. Measurements
The following measurements were taken before and after the 4-month intervention, in the same
conditions and at the same time. In the specific case of the scales, they were carried out by the same
neurologist assigned to each patient before the study.
2.5.1. State-Trait Anxiety Inventory (STAI)
This scale, used in clinical settings to diagnose anxiety and distinguish it from symptoms of
depression [31], was published by Spielberger et al. [32] and validated for the Spanish population [33].
It is commonly used to obtain a significant measurement of state anxiety and trait anxiety. State
anxiety refers to how the subject feels in a specific moment, while trait anxiety is described as how the
individual normally feels. The inventory is made up of 40 questions, 20 about trait anxiety and 20
about state anxiety. All of the questions are given a 4-point frequency scale. The higher the points, the
higher the perceived anxiety.
2.5.2. Expanded Disability Status Scale (EDSS)
This scale is used to assess functional disability in multiple sclerosis patients [34]. The scale
is an ordinal scale based on a neurological examination of the eight functional systems (pyramidal,
cerebellar, brainstem, mental, sensory, visual, bowel and bladder), alongside an assessment on walking
capacity, which, as a result, provides a disability index between 0 and 10, 0 being understood as having
normal health and 10 death by MS.
2.5.3. Blood Test and IL-6 Analysis
Blood tests were carried out in the peripheral vein (antecubital vein) at 11 a.m. on an empty
stomach. The blood samples were collected in BD Vacutainer Plus serum blood collection tubes
(ref. 367815). Once the test was finished, the samples were left at room temperature for 30 min to
coagulate. The coagulated part was separated by centrifuging the samples at 4000 rounds/min for
10 min in a refrigerated centrifuge. After centrifuging, the supernatant liquid (blood serum) was
transferred to 0.5 mL aliquots, which were then frozen and stored at −80 ◦C. Finally, the concentration
of IL-6 in serum was determined after 24 h had passed. In order to do so, the aliquots were thawed
and the ELISA technique (R&D Systems) was used.
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2.5.4. Body Mass Index (BMI)
The body mass index is calculated as weight (kg)/height (m2). Body weight was measured while
the patient was wearing light clothes, no shoes and using a medical scale with a 0.5 kg precision. Height
was measured with each patient standing up and using a medical tape measure with a 1 cm precision.
2.6. Ethical Concerns
The study was conducted in accordance with the Helsinki Declaration [35], prior approval of
the protocol by the Human Research Committee of the University of Valencia of the Experimental
Research Ethics Committee (procedure number H1512345043343). In addition, patients included in the
study signed a consent form after being informed on the procedures and nature of the study.
3. Results
This study analysed a sample of 51 MS patients, divided into an intervention group and a control
group, whose socio-demographic and clinical characteristics are shown in Table 1.
Table 1. Socio-demographic and clinical characteristics of the population of the study.
Measure
Group
pCG N = 24 IG N = 27 Total N = 51
Count % Count % Count %
MS type Relapsing-Remitting 17 70.8% 20 74.1% 37 72.5% 0.796
Secondary-Progressive 7 29.2% 7 25.9% 14 27.5%
Gender
Man 10 41.7% 5 18.5% 15 29.4% 0.070
Woman 14 58.3% 22 81.5% 36 70.6%
Measure Median Range Median Range Median Range p
Age (years) 50.50 45.00 45.00 48.00 47.00 48.00 0.119
Time since diagnosis (years) 13.50 35.00 9.00 35.00 12.00 37.00 0.156
IL-6 pre-test (pg/mL) 2.69 9.98 2.18 16.27 2.54 16.27 0.481
IL-6 post-test (pg/mL) 0.94 3.89 0.84 9.80 0.86 9.86 0.380
STAI state pre-test 19.50 29.00 23.00 38.00 22.00 38.00 0.720
STAI state post-test 20.00 33.00 17.00 34.00 19.00 36.00 0.242
STAI trait pre-test 24.50 42.00 32.00 49.00 28.00 51.00 0.223
STAI trait post-test 23.50 54.00 28.00 54.00 24.00 57.00 0.741
EDSS pre-test 3.75 6.50 3.00 6.50 3.50 6.50 0.435
EDSS post-test 3.75 6.50 3.00 5.50 3.50 6.50 0.351
BMI pre-test (kg/m2) 24.61 23.17 23.43 19.09 24.24 23.17 0.992
BMI post-test (kg/m2) 23.54 21.74 23.49 18.05 23.54 21.74 0.946
Z: U de Mann Whitney; CG: control group; IG: intervention group; MS: multiple sclerosis; EDSS: Expanded Disability
Status Scale; IL-6: interleukin 6; STAI: State-Trait Anxiety Inventory; BMI: body mass index; SD: standard deviation.
After the 4-month intervention, the changes in the analysed variables of the study are shown in
Table 2 as the mean and standard deviation. Regarding the intervention group, a significant decrease in
serum concentration was produced for IL-6: patients’ anxiety for this group also varied after the diet,
significantly decreasing state anxiety, and a significant improvement is shown in functional capacity.
Regarding the control group, a significant decrease in the levels of IL-6 in blood is also observed.
However, there is no improvement in the level of state or trait anxiety. No change was observed in
terms of functional capacity. It is also noteworthy that there was a significant decrease in BMI in
both groups.
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Table 2. Differences between the study variables after intervention.
IG
Measure Mean SD p
EDSS pre-test 3.37 2.03
0.047 *EDSS post-test 3.28 1.87
IL-6 pre-test (pg/mL) 3.66 4.10 0.000 *
IL-6 post-test (pg/mL) 1.31 2.09
STAI state pre-test 22.26 8.99
0.049 *STAI state post-test 17.67 10.62
STAI trait pre-test 30.11 11.67
0.134STAI trait post-test 26.89 11.97
BMI pre-test (kg/m2) 25.92 5.29
0.002 *
BMI post-test (kg/m2) 25.16 4.94
CG
Measure Mean SD p
EDSS pre-test 3.80 2.00
0.655EDSS post-test 3.86 2.08
IL-6 pre-test (pg/mL) 3.67 2.94 0.001 *
IL-6 post-test (pg/mL) 1.37 1.15
STAI state pre-test 21.71 9.00
0.833STAI state post-test 21.48 9.39
STAI trait pre-test 27.04 12.21
0.457STAI trait post-test 25.83 11.93
BMI pre-test (kg/m2) 25.87 6.10
0.012 *
BMI post-test (kg/m2) 25.36 5.85
EDSS: Expanded Disability Status Scale; IL-6: interleukin 6 (mean value of normal IL-6, 1.4 pg/mL); STAI: State-Trait
Anxiety Inventory; *: statistically significant differences p < 0.05; Z: Wilcoxon signed-rank test; BMI: body mass
index; SD: standard deviation.
4. Discussion
Among the most representative inflammation biomarkers that activate the immune system caused
by stress is IL-6 [36]. This explains that in an immune disease like MS with high oxidative stress, its
levels are increased [4]. In this sense, both EGCG and ketone bodies obtained from following ketogenic
diets show anti-inflammatory effects [37,38], thus decreasing the levels of IL-6 in blood: EGCG as it
negatively regulates its gene expression [39], and ketone bodies block NMDA receptors [40]. After
conducting our study, indeed the results prove a decrease in IL-6 levels in the group that received
both EGCG and coconut oil. Nonetheless, this significant improvement has also been observed in
the control group. This could be explained by the high levels of antioxidants in the Mediterranean
diet followed by both groups. The Mediterranean diet is characterised by containing soluble or low
molecular weight antioxidants, such as vitamin C and vitamin E, phenolic compounds and carotenoids,
and other macromolecular antioxidants that are polymeric phenolic compounds or polyphenols and
carotenoids linked to macromolecules of plant foods, which contribute to the antioxidant capacity of
the diet [41]; including polyphenols that are greatly contained in fruit and drinks such as tea, red wine
and coffee, or in vegetables, pulses and cereals in the Mediterranean diet [30]. In addition, a significant
improvement in BMI is observed in both groups that, according to other studies, is positively correlated
with IL-6 in blood [42,43], which could explain the decrease in the proinflammatory cytokine in both
the control group and the intervention group.
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In terms of assessing the psychological variables, although both depression and anxiety disorders
are the most frequent nosological entities in MS, the repercussions of symptoms of depression in this
pathology have been studied more, and fewer studies assess the impact of anxiety. However, the
relation with functional performance and cognitive capacity for MS is only established with levels
of anxiety and not with levels of depression [44]. On the other hand, two kinds of anxiety can be
differentiated: state anxiety and trait anxiety. According to Spielberger (1972) [45], state anxiety entails
an immediate “emotional state” that can be modified in time, while trait anxiety is considered to
be relatively stable. In this sense, hyperactivity of the limbic system has been observed in anxiety
disorders that could be a result of: a decrease in the inhibitory neurotransmitters (γ-aminobutyric
acid, GABA), an increase in the excitatory neurotransmitters based on the action of glutamate or a
combination of both [46].
Regarding our intervention, the association of EGCG and ketone bodies causes a significant
improvement in state anxiety. This fact seems to be explained through both their action mechanisms. On
the one hand, EGCG increases inhibition mediated through the GABA neurotransmitter, which would
generate a similar activity to that caused by some medications, such as benzodiazepines [47–49], also
decreasing levels of occasional anxiety and causing an anxiolytic effect, as observed after administering
it in MS patients [28]. Completing this EGCG activity and based on mechanisms that trigger state
anxiety, the action mechanism that ketone bodies have that improves anxiousness [19,20] is based on
the inhibition of the activation of NMDA ionotropic glutamate receptors. These receptors have an
essential role, not only on a cognitive level [50], but also regarding the presence of anxiety [51]. On the
other hand, anxiety is felt both on a physiological level, as well as on a cognitive and a mental level [52];
therefore, symptoms have a negative effect on the cognitive function of those who suffer from anxiety.
Anxiety symptoms are especially associated with a lower cognitive function [53] in MS, showing a
similar pattern to that observed in people with other immune-mediated inflammatory diseases (IMID)
and in individuals without an IMID [54]. Therefore, anxiety in MS patients is related to functional
disability and constitutes an indicator of the level of this disability [15]. Our results are in line with
this idea, as the patients from the intervention group whose levels of anxiety decrease also show a
significant improvement in functional capacity. Nonetheless, we must remember that regarding the
two types of anxiety, it is state anxiety that significantly improved, therefore it seems that functionality
is more directly related to this kind of anxiety and not trait anxiety. These findings would be supported
by the results obtained by other authors, who observed how state anxiety (consisting of a temporary
emotional state or condition of the human organism that can vary over time and whose intensity can
vary), yet not trait anxiety, predicts the performance in the executive function index. Thus, we can
conclude that improving state anxiety improves patients’ functionality [44].
However, these results need to be confirmed as this study is somewhat limited. These limitations
include a small sample and the lack of intervention groups to study the single contribution of EGCG
and coconut oil to improve different variables. Therefore, future research should involve a larger
sample leading to a more complex statistical analysis, as well as studying different groups of patients
using EGCG, coconut oil and Mediterranean diet, separately.
5. Conclusions
Once the intervention with MS patients was carried out, we observed a decrease in state anxiety,
and possibly as a result of this, an improvement in the functional capacity of these patients. However,
these improvements do not seem to be a direct consequence of the decrease of IL-6 levels in blood, as
this can be observed in both groups (intervention group and control group). This could be due to the
antioxidant capacity of the Mediterranean diet that all participants of the study followed, as well as the
improvements that this diet shows in terms of BMI.
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Abstract: Background: Depressive symptoms and food insecurity are two of the public health
concerns in developing countries. Food insecurity is linked to several chronic diseases, while little
is known about the association between food insecurity and depressive symptoms among adults.
A person with limited or uncertain availability or access to nutritionally sufficient, socially relevant,
and safe foods is defined as a food-insecure person. Materials and methods: Data were obtained from
8613 adults who participated in the Indonesia Family Life Survey (IFLS) in 2007 and 2014. The 10 items
of the food frequency questionnaire (FFQ) were used in food consumption score analysis to assess
food insecurity based on the concept of the World Food Program (WFP). Depressive symptoms were
assessed using 10 items of the self-reported Center for Epidemiologic Studies Depression (CES-D)
questionnaire. A linear and multiple logistic regression model with a generalized estimating equation
was used to test the hypothesis while accounting for the health behaviors and sociodemographic
characteristics. Results: Food consumption score was negatively associated with CES-D 10 score
(β-coefficients: −9.71 × 10−3 to −1.06 × 10−2; 95% CIs: −7.46 × 10−3 to −1.26 × 10−2). The borderline
and poor food consumption group was positively associated with the depressive symptoms, both in
the unadjusted and adjusted models (exponentiated β-coefficients: 1.13 to 1.18; 95% CIs: 1.06 to 1.28).
Conclusions: Depressive symptoms were positively significantly associated with food insecurity.
Thus, health professionals must be aware of the issue, and should consider health and nutrition
programs for adults at risk of food insecurity.
Keywords: depressive symptoms; food insecurity; nutrition; adults; generalized estimating equation
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1. Introduction
Depression is a public health problem, associated with adverse mental health, such as suicidal
ideation and mortality [1]. Depression is defined as a wide range of mental health problems associated
with the negative effect presence, low mood, and emotional, cognitive, physical, and behavioral
symptoms [2]. Depression is also a pervasive mental disorder globally that affects all ages [3]. In 2012,
depression was estimated to affect about 350 million people globally [3]. Further, the global population
with depression was estimated to be 4.4% in 2015, while Indonesia’s national prevalence rate for people
having depressive symptoms is 3.7% [4]. Depression or depressive symptoms can occur in episodic
sequences [2]. Some unwanted life events (e.g., the loss of a loved one or separation in a relationship),
or living with poverty, being unemployed, having a physical illness, and drug and alcohol use-related
problems, increase the risk of depression or having depressive symptoms [4,5]. Furthermore, an adult
who is unemployed or living in poverty is also associated with food insecurity because of the financial
resource limits for acquiring food and managing their diet [6].
Food insecurity is defined as a condition in which a person has limited or uncertain availability or
access to nutritionally adequate, culturally relevant, and safe foods [6]. Moreover, food insecurity has
been found to be associated with chronic diseases [7,8]. The former researchers suggested that chronic
diseases may be a contributing factor in the association between food insecurity and depression among
the elderly [9–11]. On the other hand, food-insecure people are prone to consume an energy-dense and
less diverse diet, which eventually results in overweight and obesity, and a higher risk of hypertension,
diabetes, and cardiovascular diseases [7,8,12,13]. Seligman and Schillinger suggested that there is a
trade-off between providing food and buying medicine in the association between food insecurity,
chronic diseases, and depressive symptoms [12]. Not only is the association between food insecurity
and depression or depressive symptoms rather vague among adults, but both food insecurity and
depression or depressive symptoms can also affect people, women in particular, who live in high-income
or low–middle-income countries [14]. Some previous studies found that older adults are prone to the
food insecurity issue [15–17]. However, the previous study reported that adults in their forties were
faced the severe food insecurity issues [18]. Therefore, in this study we used different methods and
study designs to further explore and evaluate whether specific age groups modified the association
between food insecurity and depressive symptoms among Indonesian adults. We used repeated
measurement data to assess the association between food insecurity and depressive symptoms in
adults, both in all ages and in various age groups. In addition, we observed depression or depressive
symptoms as both predictor and outcome, and used different food insecurity assessments.
2. Materials and Methods
2.1. Data Source and Respondents
The current study used secondary data from the fourth (2007) and fifth (2014) waves of the
Indonesian Family Life Survey (IFLS; referred to hereafter as IFLS4 and IFLS5, respectively). IFLS
datasets comprise anonymous data available to researchers based on the guidelines of the RAND
Corporation [19–23]. In the 2007 data, the total number of respondents was 29,059, while in 2014,
there were 34,464 respondents (aged 0–80+). For this study, we included adult respondents aged
18–65 years old. We included the same respondents from the year 2007 and the year 2014. Respondents
who provided dietary, physical activity, anthropometric, sociodemographic, blood pressure, and
depressive symptom data were further analyzed. We excluded respondents who were pregnant or
breastfeeding, had a disability, or who were diagnosed with cancer to minimize the sampling bias.
Further, we included only respondents who had no missing data in both 2007 and 2014. After the
inclusion criteria were applied, 8613 respondents were included in this study. For the purposes of this
study, the authors additionally categorized respondents’ ages in years, as follows: less than 40, 40–49,
50–59, and more than 60, besides using responses as continuous data.
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2.2. Measurement of Food Insecurity
Measurement of food insecurity in this study followed the concept from the World Food Program
(WFP). In practical terms, the definition of food security is related to the failure of the individual to
fulfill their need for a nutritious diet [24] in terms of the frequency and diversity of food [25]. Based
on the WFP concept, first, we conducted food consumption analysis, resulting in food consumption
scores [26–28]. We used the same 10 types of food from the food frequency questionnaire (FFQ) in
the IFLS4 and IFLS5 questionnaire for the food consumption analysis. The current study used the
number of days in which the 10 food types were eaten by respondents in the seven days prior to the
interview [25]. Second, the 10 food types of the IFLS4 and IFLS5 FFQ were then grouped into five food
groups. The five food groups were the vegetable group (carrot, green leafy vegetables), fruit group
(mango, papaya, banana), protein group (eggs, fish, meat), dairy products, and staple group (sweet
potato) [19,21]. Third, a total from each food group, called the food consumption score (FCS), was then
categorized based on the cutoffs of three food consumption groups (FCGs). The FCS is continuous
data, while the FCG is categorical data from the categorization of the FCS. The three FCGs were “poor”
if the FCS value was less than 21, “borderline” if the FCS value ranged from 21 to 35, and “acceptable”
if the value was more than 35 [25]. Finally, this study defined food-insecure people as those who were
in the “poor and borderline” group of FCGs, while food-secure people were defined as those in the
“acceptable” group of FCG [28,29].
2.3. Measurement of Depressive Symptoms
Depressive symptoms were assessed using the self-reported 10 items of the Center for
Epidemiologic Studies Depression (CES-D) questionnaire. The CES-D questionnaire is widely used to
assess depressive symptoms in adults [30,31]. The 10 CES-D questionnaire answers were in the form
of four scales: “rarely or no (≤1 day)”, “some days (1–2 days)”, “occasionally (3–4 days)”, “most of
the time (5–7 days)”. The score of each scale’s answer was from zero (“rarely or no”) to four (“most
of the time”). We then summarized the score of the 10 CES-D questionnaire answers with a lowest
score of 10, and a highest score of 40. Since the score ranged from 10 to 40, the score was rebased to
zero to 30, with the highest score referring to the most depressive symptomatology [30]. Previous
research suggested the cutoff point for depression or having depressive symptoms was set to a score of
≥10 [30,32,33]. Therefore, respondents were defined as suffering from depression or having depressive
symptoms if their CES-D questionnaire score was ≥10.
2.4. Measurement of Covariates
The body mass index (in kg/m2) was classified into four groups (<18.5, 18.5–25.0, 25.1–27.0, and
>27.0) [34]. In addition, a measurement of waist circumference was used for adults aged ≥40 years.
Abdominal obesity was determined by respondents’ waist circumference (WC), >90 cm (men) and
>80 cm (women) [35]. Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg or
diastolic blood pressure (DBP) ≥90 mmHg [36]. Trained nurses performed the anthropometric and
blood pressure measurements. For blood pressure measurements, the respondents were measured
twice, before and during the interview, in the seated position [19].
Physical activity was assessed using the number of days for which respondents undertook three
types of physical activity (i.e., vigorous, moderate, and walking) within the last seven days. The authors
considered days of doing physical activity as a continuous variable in the analysis. Respondents
reported in the self-reported questionnaires whether they engaged in physical activities for at least
ten minutes continuously during the last seven days. If respondents said yes, then they were further
asked about the number of days they did each type of physical activity.
Sociodemographic characteristics were assessed using categorical data, including smoking habit
status, level of education, geographical areas of living, and marital status. The respondents’ smoking
habit status was categorized into: never (never had a smoking habit), current smoker (currently has a
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smoking habit), and former smoker (stopped a smoking habit). The respondents’ level of education
was categorized into low (<12 years of school attainment) and high (≥12 years of school attainment).
In addition to the covariate variables, we considered adjusting for respondents’ chronic diseases.
Therefore, this study used cardiovascular diseases and type 2 diabetes as an adjustment variable in the
model. Respondents answered the self-reported question of whether any paramedics ever informed
them that they had type 2 diabetes. The respondents also answered the self-reported question of
whether any paramedics ever informed them that they had a stroke/heart attack, coronary heart disease,
angina, or other heart problems. The authors defined cardiovascular disease as a combination of heart
diseases and stroke events [27,37]. If the respondents reported any of the chronic diseases (i.e., diabetes,
cardiovascular diseases), then they were asked when their chronic disease was first diagnosed.
2.5. Statistical Analysis
The current study used secondary data with repeated measurements of the same respondents
for the years 2007 and 2014. The respondents’ characteristics were presented as means (standard
deviation) for the continuous data and numbers (percentages) for the categorical data. The values
between groups were compared using a one-way analysis of variance (ANOVA) for the continuous
data, and the Bonferroni post-hoc test or chi-squared test for the categorical data. Further, we combined
the two datasets (IFLS4 and IFLS5) in the analysis to test the association among variables. Since the
data in this study were repeated measurement data from the same respondents throughout the 7-year
follow-up period, the authors used regression models with the generalized estimating equation (GEE)
method [38]. The GEE is a statistical approach generally used in the analysis of longitudinal data or
repeated measurements [39–44], with the primary advantage being that it accounts for the within-adults
variation [45]. Firstly, we used a linear regression model with GEE to assess the association between
the food consumption score and the CES-D score. The linear regression used the Gaussian distribution
(family) for the dependent variables, an identity link function, and “independent” for the correlation
matrix. Secondly, we used a binary logistic regression model with GEE to assess the association between
food consumption groups and depressive symptoms. The authors used the “acceptable” FCG group as
the reference group in the logistic regression model with GEE. The logistic regression model used the
“binomial” distribution (family) for the dependent variable, a log link function, and an “independent”
correlation matrix. The exponentiated beta coefficient was also estimated from the logistic regression
to assess the relationship of interest [45,46]. This study used three models that accounted for various
potential confounders in the multiple logistic regression model with GEE. The first model was an
unadjusted model and the second model was with an adjustment for age and gender. The third model
was with further adjustment for level of education, marital status, geographical areas of living, smoking
habit status, physical activity days, blood pressure values, body mass index, and included diabetes and
cardiovascular diseases. The last model (model 3) was a full adjustment model. A similar sequence of
adjustments for potential confounders was also used for multiple linear regression models with GEE.
Statistical significance was set to the p-value < 0.05. The post hoc test was conducted to retest the
complete adjustment estimation models for every age group category. All the analyses were conducted
using STATA statistical software (V 12.1; StataCorp LP, College Station, Texas, TX, USA).
3. Results
Table 1 shows the characteristics of the 8613 respondents by food security groups in 2007 and
2014. Respondents included 3999 women and 4614 men. The prevalence rates of food insecurity
(borderline and poor) increased from 2007 to 2014. The borderline FCG prevalence rates increased
from n = 1474 (17.11%) in 2007 to n = 2911 (33.80%) in 2014. Meanwhile, the prevalence rates of
poor FCG also increased from n = 693 (8.05%) in 2007 to n = 1713 (19.89%) in 2014. The majority of
respondents in this study had a low level of education (less than 12 years of school attainment) in
both year 2007 and 2014 (p < 0.001). The percentage of food-insecure people living in urban areas
increased from 2007 (borderline = 18.87%; poor = 9.55%) to 2014 (borderline = 35.31%; poor = 23.46%)
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(p < 0.001). The percentage of food-insecure people with abdominal obesity increased from 2007
(borderline = 15.74%; poor = 6.81%) to 2014 (borderline = 32.75%; poor = 18.00%) (p < 0.001). As shown
in Table 1, the number of respondents who had depressive symptoms increased from n = 955 in 2007 to
n = 2616 people in 2014. To compare body mass index (BMI), body shape index, waist circumference,
blood pressure, food consumption score, physical activity days, and CES-D score, we used a one-way
analysis of variance (ANOVA) with Bonferroni post hoc test. The results of the Bonferroni post hoc test
are in Tables S1 and S2 of the Supplementary Materials.
Table 2 presents the overall and age-specific proportions of food consumption groups among
people with depressive symptoms. In 2007, the overall (range of age-specific proportion) proportion of
acceptable, borderline, and poor FCG was 11.65% (range: 0.13%–52.46%), 9.02% (range: 0.75%–54.89%),
and 10.24% (range: 0.00%–57.75%), respectively. In 2014, corresponding figures were 32.09% (range:
10.70%–35.70%), 29.34% (range: 10.66%–33.49%), and 28.14% (range: 10.79%–39.63%), respectively.
The prevalence of depressive symptoms significantly varied with age. Except for the borderline group
in 2007, the proportion of other food consumption groups in both years also significantly varied.
Table 3 demonstrates the association between food consumption groups and the depressive
symptoms outcomes among adults. The food consumption score was negatively significantly associated
with the CES-D score both in the unadjusted model (β-Coefficients: −9.51 × 10−3 (95% CI: −6.45 × 10−3,
−1.26 × 10−2)) and adjusted models (β-Coefficients: −9.71 × 10−3 (95% CI: −6.62 × 10−3, −1.28 × 10−2)
to β-Coefficients: −1.04 × 10−2 (95% CI: −7.26 × 10−3, −1.36 × 10−2)). Further, we used the logistic
models to compare food security as represented by acceptable FCG and food insecurity as represented
by borderline and poor FCG. The borderline group was positively associated with the depressive
symptoms of both the unadjusted and adjusted models with exponentiated β-Coefficients of 1.13
(95% CI: 1.06 to 1.21) to 1.18 (95% CI: 1.10 to 1.26). The depressive symptoms of the borderline group
will increase by 1.13–1.18 units for every one-unit increase of the acceptable group. On the other hand,
the poor group was also significantly positively associated with the depressive symptoms in both the
unadjusted and adjusted models, with exponentiated β-Coefficients of 1.17 (95% CI: 1.07 to 1.27) to
1.22 (95% CI: 1.12 to 1.33). The depressive symptoms of the poor group will increase by 1.17–1.22 units
for every one-unit increase of the acceptable group.
Table 4 shows the results of age-specific analyses for the relationship between food insecurity
(as represented by FCS and FGC) and depression or depressive symptoms (as represented by the
CES-D score). The current study used a full adjustment model (model 3) in the analysis to examine
the findings’ post hoc stability and decide whether the regression analysis differed based on the age
group. The poor food consumption group was significantly and independently positively associated
with depressive symptoms among respondents aged 40–49 years, with an exponentiated β-Coefficient
of 1.24 (95% CI: 1.08 to 1.42). The depressive symptoms of the poor food consumption group will
increase by 1.24 units for every one-unit increase of the acceptable food consumption group only
among respondents aged 40–49 years. The remaining age groups did not report a food consumption
score nor food consumption groups that were significantly associated with depressive symptoms.
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4. Discussion
The present study aimed to explore the association between food insecurity and depressive
symptoms among adults aged 18–65 years in Indonesia. The borderline and poor food consumption
groups represent food insecurity. The present study results suggest that food insecurity was positively
significantly associated with depressive symptoms in Indonesian adults. As expected, the secondary
findings confirmed that the high prevalence of depressive symptoms occurred among respondents
with food insecurity across all ages of adults. Further, the total prevalence rates of food-insecure
respondents with depressive symptoms (borderline FCG: 29.3%; poor FCG: 28.1%) was higher than
the prevalence rates of food-secure respondents with depressive symptoms (acceptable FCG: 32.1%).
The present study’s prevalence rates are higher than the national crude prevalence rate of depressive
symptoms, which was 3.7% in 2015 [4]. Therefore, the government, health practitioners, and relevant
stakeholders need to be more concerned about the issue of food insecurity and depressive symptoms.
One possible action that might help is a food insecurity and depressive symptoms’ screening and
monitoring process, along with the nutrition health programs for adults. Previous researchers found
that the level of education is associated with food insecurity and the increased individual level of stress,
which may lead to depressive symptoms [47–49]. Another possible reason is people with less education
will more likely experience economic hardship, due to a lower-paid work type or unemployment,
which is associated with food insecurity and depressive symptoms [50]. The findings in this study
were in line with those of previous research, indicating that the majority of food-insecure respondents
had a low level of education and lived in urban areas, with a greater associated risk of economic
hardship compared to people with a higher level of education [51].
Moreover, adults who experience a high-burden work type with less income may have depressive
symptoms, which can interfere with the ability to manage financial affairs related to food choice and
preparation [52,53]. Furthermore, former researchers suggest that unhealthy food choices, for example,
Western dietary patterns, which are more likely to contain high calories, high fat, and less diversity, are
(partly) associated with depressive symptoms [54,55]. The food consumption score analysis based
on the WFP concept is more concerned with the food frequency and quality, and the diversity of
diet [25]. One of the explanations is in the food consumption analysis, in which the calculation of food
consumption score includes the number of days during which the respondent eats the food type in the
FFQ, multiplied by the weight score of each food group type. The highest score refers to all of the food
with relatively high energy, good-quality protein, and micronutrients [28]. Therefore, the higher the
food consumption score, the better and more diverse the diet and the less food insecurity. However,
the present study found that food-insecure respondents had lower food consumption scores than
food-secure respondents, indicating that food-insecure respondents possibly consumed lower quality
and less diverse food, with high energy and fat density.
Food insecurity is associated with depressive symptoms, overweight and obesity, hypertension,
diabetes, and cardiovascular diseases [56–62]. The results of the present study were in line with
previous research. The respondents in borderline and poor FCG have lower FCS, and higher body
mass index, waist circumference, systolic blood pressure, and CES-D score, than the respondents in the
acceptable FCG. One of the reasons to explain the mechanism between food insecurity, overweight,
hypertension, and depression is when food-insecure people are unable to choose a properly balanced
meal for themselves, and thus eat a low-quality and less diverse diet (high energy, high fat), which
eventually leads to being overweight [56]. Food-insecure people are not only at a higher risk of being
overweight, but also of increased levels of stress, possibly from a lack of sleep quality due to hunger or
worries about providing food the next day [52,63]. On the other hand, continuous food insecurity in a
person’s life may lead to the onset of depression [11,64]. Pryor and colleagues suggested that food
insecurity during young adulthood (18–35 years) co-occurs with three types of mental health problems
(i.e., depression, suicidal ideation, and substance use problems in young adulthood) [65].
Furthermore, people with food insecurity are more likely to experience depression and undertake
less leisure-time physical activity than those with food security [66–69]. The current study results
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support the evidence from previous research that the mean of vigorous physical activity (VPA) and
moderate physical activity (MPA) days was different between the acceptable FCG (food-secure) and
borderline or poor FCG (food-insecure). Moreover, the association between food insecurity and
depressive symptoms might be affected by several health factors, which need further exploration
using a longitudinal study or more variables. Thus, we further tested the association between food
insecurity and depressive symptoms using regression analysis. The results suggested the association
was constant even after gradually adjusting for the covariates. The covariates included health and
sociodemographic characteristics, such as age, gender, level of education, marital status, geographical
area of living, smoking habit status, blood pressure, BMI, incidence of diabetes, and cardiovascular
diseases. Taken together, food insecurity was found to have a positive effect on depressive symptoms
even after adjustment. The post hoc result showed that respondents aged 40–49 years independently
reported levels of poor FCG that were significantly associated with depressive symptoms. The present
study results were in line with a previous study that showed that people aged 40–49 are confronted
with the most severe problems of food insecurity [18]. The study by Ziliak and Gundersen reported
that the “youngest old” suffer from the most severe form of food insecurity compared to those of a
younger age or even those over 70 years [70]. The middle-aged food-insecure people might face a
recession of income, live in poverty in urban areas, be raising grandchildren, have a limitation on their
activities of daily living, or be in a minority [71].
There are several limitations in the present study. First, the dataset that we used was restricted to
the selected variables (i.e., the use of the food frequency questionnaire to conduct the food insecurity
assessment) for the original study because we used secondary data in this study. However, the FFQ
used in this study was widely used from the first wave of the Indonesia Family Life Survey, initiated
in 1993, and has also been used in several previous studies [72–74]. Second, the assessment of food
insecurity and depressive symptoms was limited to self-reported data. However, the food insecurity
measurement from the FFQ was relevant when we defined it from the food frequency and diversity
diet [24,25]. Moreover, the use of the CES-D 10 items is widely used to measure the depression or
depressive symptoms among adults [30,75]. Third, we could not control for the respondents who
received antidepressants or therapy because the IFLS questionnaire did not include a related question.
Thus, we suggest future research should further explore the socio-environmental and dietary risk
factors of depression and food insecurity. The present study concerns a very important and, at the
same time, complex topic of depressive symptoms and lack of food security. These are two public
health problems in developing countries that, along with obesity-related non-communicable diseases,
significantly affect people’s quality of life.
5. Conclusions
To our knowledge, the present study results contribute to the evidence that food insecurity is
positively significantly associated with depression symptoms among South-East Asian, particularly
Indonesian, adults, as well as for people aged 40–49. Hence, depressive symptoms and food insecurity
are public health concerns that need to be improved by health professionals, in conjunction with health
and nutrition programs for adults who are at risk of, or currently experiencing, either of these issues.
Health professionals must be aware of screening, monitoring, and engaging with food-insecure adults
to prevent depression or chronic diseases.
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Abstract: Background and significance. There is a need to develop new hypothesis-driven treatment
for both both major depression (MD) and schizophrenia in which the risk of depression is 5 times higher
than the general population. Major depression has been also associated with poor illness outcomes
including pain, metabolic disturbances, and less adherence. Conventional antidepressants are partly
effective, and 44% of the subjects remain unremitted under treatment. Improving MD treatment
efficacy is thus needed to improve the SZ prognosis. Microbiota-orientated treatments are currently
one of the most promising tracks. Method. This work is a systematic review synthetizing data of
arguments to develop microbiota-orientated treatments (including fecal microbiota transplantation
(FMT)) in major depression and schizophrenia. Results. The effectiveness of probiotic administration
in MD constitutes a strong evidence for developing microbiota-orientated treatments. Probiotics
have yielded medium-to-large significant effects on depressive symptoms, but it is still unclear if the
effect is maintained following probiotic discontinuation. Several factors may limit MD improvement
when using probiotics, including the small number of bacterial strains administered in probiotic
complementary agents, as well as the presence of a disturbed gut microbiota that probably limits
the probiotics’ impact. FMT is a safe technique enabling to improve microbiota in several gut
disorders. The benefit/risk ratio of FMT has been discussed and has been recently improved by
capsule administration. Conclusion. Cleaning up the gut microbiota by transplanting a totally new
human gut microbiota in one shot, which is referred to as FMT, is likely to strongly improve the
efficacy of microbiota-orientated treatments in MD and schizophrenia and maintain the effect over
time. This hypothesis should be tested in future clinical trials.
Keywords: psychiatry; schizophrenia; depression; microbiota; transplantation
1. Introduction
Major depression (MD) is described as “a global crisis” by the World Health Organization
(WHO) [1]. Major depression can affect anyone from young people to seniors, and it is one of the most
Nutrients 2020, 12, 1024; doi:10.3390/nu12041024 www.mdpi.com/journal/nutrients53
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widespread illnesses, often co-existing with other serious illnesses [2]. According to the WHO, MD
was ranked as the third leading cause of the global burden of disease in 2004 and will likely have
moved to the first place by 2030 [3]. It is now estimated that 350 million people are affected by MD
worldwide, which poses a significant health and economic burden to society [4–6]. In 2016, MD was the
first source of disability, accounting for 1059 worldwide disability-adjusted life years (DALYs)/100,000
habitants, thereby noticeably preceding ischemic and hemorrhagic stroke (787 and 923 respectively),
hypertensive heart disease (242), Alzheimer disease (470), cancers (liver (295), colon (249), breast (208),
and HIV (169)) [7]. Major depression was responsible for 48.7% of all worldwide DALYs related to
mental and substance use disorders [7]. This alarming figure is a wakeup call for researchers and
should encourage them to address this global non-communicable disease.
Major depression is heterogeneous and improving its treatment may require isolating more
specific subgroups in the so-called precision medicine approach. Major depressionv has been identified
as a frequent comorbidity of other major psychiatric disorders including schizophrenia (SZ). A half
of SZ patients have been identified with MD that has been associated with impaired quality of life
which suggests a 5 times higher risk of MD in this population compared to non-SZ individuals. Yet
MD remains poorly diagnosed and poorly treated in this population [8–10]. Some studies suggest
that MD-SZ may be different from non-SZ MD with lower placebo response and higher impact on
functioning [9,11–13]. Major depression in schizophrenia (MD-SZ) has been also associated with other
poor illness outcomes including pain, metabolic disturbances, less adherence and lower quality of
life [8,14,15]. Treating depression is thus needed to improve the SZ prognosis [16]. Conventional
antidepressants are partly effective, but 44% of the subjects remain unremitted under treatment [9]. Yet,
funding for research directed to improving diagnosis and treatment of MD-SZ is sadly lacking [17].
Though conventional treatments have improved MD prognosis, they still remain unsatisfactory.
The response rate of antidepressants amounts to only 17.7% in the general population [18]. An
explanation for this high rate of non-response and relapses relies on the observation that current
pharmacological treatments are primarily based on the monoaminergic hypothesis, without involving
the personalized medicine approach. According to this hypothesis, MD is principally due to the fact
of a deficit of three neurotransmitters in the brain (i.e., serotonin, norepinephrine, and dopamine).
All current antidepressants target serotonin, norepinephrine, or dopamine deficits. The high rate of
therapeutic failure in psychiatry can most likely be accounted for by the limitations pertaining to
brain-orientated treatments. Current treatments do improve neurotransmitters deficits, yet without
addressing the source of these deficits. This may explain the high relapsing rates and chronic
illness course.
The key to breaking the deadlock of SZ-MD treatment may be found in the intestinal
microbiota [19]. The links between gut microbiota disturbances and brain dysfunction have clearly
been demonstrated in rodents. The so-called “gut-brain axis” has already been extensively described
in humans with six pathways [19,20]: vagal nerve stimulation; inflammation and cytokine modulation;
decreased gut permeability; short-chain fatty acid and neurotransmitter synthesis; nutrient absorption;
Hypothalamic–pituitary–adrenal (HPA) stress axis (cortisol) modulation (Figure 1). Moreover,
microbiota dysfunctions have been associated with peripheral immune inflammation as well as
neuro-inflammation (also called microglia activation) [21].
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Figure 1. The gut–brain axis in major depression.
Several clues indicate that targeting microbiota may be particularly relevant in schizophrenia (SZ).
Schizophrenia patients are treated by antipsychotics that induce gastrointestinal disorders (including
constipation) that may impact their gut microbiota. More than one quarter of SZ stabilized outpatients
have abdominal obesity, which is a clinical marker of disturbed microbiota, and MD has been found
to be the best predictor of rapid high weight gain in SZ [14]. Abnormal bacterial markers have been
identified in the blood of SZ patients [22,23]. Emerging data show that about 30% of SZ people
have elevated antigliadin antibodies (AGA) of the IgG type, representing a possible subgroup of
schizophrenia patients with increased gut permeability [24]. Also, recent data have shown a high
correlation of IgG-mediated antibodies between the periphery and cerebral spinal fluid in schizophrenia
but not healthy controls, particularly AGA IgG suggesting that these antibodies may be crossing
the blood-brain barrier with resulting neuroinflammation [25]. Schizophrenia has been extensively
associated with other abnormal translational markers, suggesting an increased gut permeability in
this illness [23,25–29]. More than one in five SZ patients are identified with metabolic syndrome [30],
and one-third with chronic low-grade peripheral inflammation [31–34]. This inflammation is a good
marker of central inflammation and has also been associated with SZ-MD [35].
Our hypothesis is that replacing the whole microbiota of SZ-MD patients (the so-called fecal
microbiota transplantation (FMT)) may improve their mental and physical health, and more specifically
their depressive symptoms and quality of life. Schizophrenia combined with MD and/or inflammation
may be a target of choice for microbiota-orientated therapies.
The objective was to synthetize current data for testing microbiota-orientated treatments and to
explore the benefit/risk ratio of FMT in major depression and schizophrenia.
2. Methods
This meta-analysis was based on the Preferred Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) criteria [36] (Figure 1). Medline®database was explored from its inception
to March, 22th 2020 without language restriction. The research paradigm was: (depression OR
schizophrenia) AND (gut microbiota). The references of each article were also checked. Medline
is considered as the database of highest quality level. The associated articles were also explored.
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Scopus®and ScienceDirect®databases were explored with the same strategy (limited to research
articles and research reviews and human studies). Two reviewers (GF and LB) decided on eligibility
and extracted data from included studies. As this review involved data from published studies,
an institutional review board approval was not required.
2.1. Criteria for Included Studies:
- Design: Human observational and interventional studies and meta-analyses including
human data;
- Exploring the association between microbiota disturbances (or irritable bowel syndrome) and
major depression or schizophrenia defined by a DSM or ICD-based diagnostic tool (structured








Fourteen studies were included in the present review.
3.1. Microbiota-Orientated Therapies and Their Interest for Major Depression
Irritable bowel syndrome is considered as a paradigmatic microbiota-induced illness. We have
published a meta-analysis suggesting that patients with irritable bowel syndrome were at higher risk
of major depression [37], confirming the potential causal or bilateral relationship between microbiota
disturbances and major depression. Several studies have shown microbiota disturbances in patients
with major depression; these disturbances are summarized in Table 1 [38–50].
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The effectiveness of probiotic administration in MD constitutes a strong evidence for developing
microbiota-orientated treatments in this indication. Probiotics have yielded medium-to-large significant
effects in the setting of depression (d = −0.73 (95% CI = −1.02–−0.44)) in a recent meta-analysis [51].
Approximately half of all existing studies were published over the past two years, reflecting the rapidly
growing interest in this area. At the time of this submission, 29 studies involving 3088 participants were
published so far. Duration of probiotic administration across trials ranged from 8 days to 45 weeks,
whereas it is still unclear if the effect is maintained following probiotic discontinuation.
Two factors may limit MD improvement when probiotics are administered: (1) the small number
of bacterial strains administered in probiotic complementary agents (often only one to five bacterial
strains including Lactobacilli, either alone or in combination with Bifidobacterium), and (2) the presence
of a disturbed gut microbiota that limits probiotics’ efficacy (the so-called gut microbiota “resilience”).
Cleaning up the gut microbiota and transplanting a totally new human gut microbiota in one shot (the
so-called fecal microbiota transplantation) would thus strongly improve the effect size.
3.2. Fecal Microbiota Transplantation’s Effectiveness in Non-Psychiatric Diseases
If MD is actually associated with microbiota dysfunctions, replacing disturbed microbiota by a
healthy one appears to be one of the most promising approach to improve MD [52]. FMT has been
described as “the ultimate probiotic” as it provides an entire microbiome to the recipient. This therapy
delivers a much greater number and diversity of bacteria than any current commercially available
preparation. In the past decade, there has been a heightened interest in the use of this therapy [53],
predominantly driven by increasing rates of recurrent Clostridium difficile infection [54–56].
This procedure was proven associated with 87%–100% clinical resolution of recurrent or refractory
C. difficile infections [56–60]. This impressive success rate is presumably due to the ability of the
transplanted bacteria to recolonize/occupy the missing components/niches of the normal intestinal
microbiota thus removing the microbial niche that C. difficile would otherwise exploit.
In addition to this main application, FMT has demonstrated promising results in other diseases as
well such as ulcerative colitis [61,62] or inflammatory bowel diseases [63].
3.3. Fecal Microbiota Transplantation’s Safety in Non-Psychiatric Diseases
No serious adverse event related to FMT has been reported in the literature. In a recent review,
the commonest FMT-attributable adverse event was abdominal discomfort, which was reported in
19 publications [64].
There is a potential to transmit infection via contaminated donor stool. The donor stool must
therefore undergo microscopy and culture for potential bacterial pathogens, microscopy for ova, cysts
and parasites as well as viral studies and C. difficile toxin analysis. Blood testing to exclude HIV,
Hepatitis B and C and syphilis must be undertaken.
Changes in fecal microbiota have been found in patients with a number gastrointestinal and
extra-intestinal diseases. Changes in the microbiome of patients with inflammatory bowel diseases
and irritable bowel syndrome are well documented in the literature [65].
There have also been associations between various bowel flora, obesity, and the metabolic
syndrome. The association has not been documented as causal, and it appears probably related to
the diet consumed by these subjects. It would, however, be prudent to exclude donors with the
metabolic syndrome.
SZ patients are already treated with antipsychotics, antidepressants, and other psychotropic drugs
that have many side-effects (including sedation, weight gain, neurological disorders, diarrhea, and
constipation), the FMT appears as a safe treatment in comparison of the standard treatment for SZ and
MD. The risk–benefit balance seems favorable.
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3.4. Oral Capsules Administration: An Improvement for Fecal Microbiota Transplantation Safety
The oral capsule administration form has proven an equal effectiveness [66] and will prevent the
adverse event due to the conventional colonoscopy-delivered upper and lower gastrointestinal routes
of FMT, especially bowel perforation over-sedation, aspiration, bleeding, and splenic laceration [67,68].
Some studies reported patient deaths due to the underlying disease, where the patient has not
responded to the FMT. Our clinical experience and our 5 years collaboration with patients’ associations
has also shown to us that an important rate of the patients and their relatives are waiting for
innovating treatments targeting new pathways, with a better tolerance than antipsychotics. In France,
the microbiota hypothesis is very popular and highly broadcasted in the media.
4. Conclusions
Cleaning up the gut microbiota by transplanting a totally new human gut microbiota in one shot,
which is referred to as FMT, is likely to strongly improve the efficacy and maintains the effect over time.
The safety and acceptability have been recently improved with capsule administration that should be
evaluated in future clinical trials for the treatment of major depression and schizophrenia. Future trials
should confirm the effectiveness and identify responder profiles in the context of personalized medicine.
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Abstract: Although it is believed that physical activity, sedentary, and dietary behavior (i.e., energy
balance-related behavior) may decrease the risk of burn-out, the association between both is currently
not well understood. Therefore, the aim of this systematic review was to synthesize studies
investigating the relationship between energy balance-related behavior and burn-out risk. A
systematic literature search was conducted in four databases, resulting in 25 included studies (ten
experimental and 15 observational studies). Nine out of ten experimental studies showed that exercise
programs were effective in reducing burn-out risk. Fourteen out of fifteen observational studies
found a negative association between physical activity and burn-out risk, whereas one study did
not find a relation. Two of the 15 observational studies also showed that being more sedentary was
associated with a higher burn-out risk, and two other studies found that a healthier diet was related
to a lower burn-out risk. No experimental studies were found for the latter two behaviors. It can be
concluded that physical activity may be effective in reducing burn-out risk. The few observational
studies linking sedentary and dietary behavior with burn-out risk suggest that being more sedentary
and eating less healthy are each associated with higher burn-out risk. More high-quality research is
needed to unravel the causal relationship between these two behaviors and burn-out risk.
Keywords: mental health; emotional exhaustion; cynicism; professional efficacy; physical activity;
sedentary behavior; dietary behavior
1. Introduction
Over recent decades, the prevalence—but also the recognition—of burn-out has increased
enormously [1,2]. Burn-out often leads to absenteeism and presenteeism at work [3–5], and so it is
an increasing concern in today’s workplaces [6]. In the European Union, work-related stress costs
EUR 25.4 billion annually, whereas globally, burn-out and stress cost more than USD 300 billion every
year [7,8].
Burn-out can be defined as a “prolonged response to chronic emotional and interpersonal stressors
on the job, determined by three dimensions: emotional exhaustion, cynicism or depersonalization, and
professional (in)efficacy or personal accomplishment” [9]. People experiencing burn-out are mainly
mentioning feelings of mental and physical exhaustion, low mood and lack of energy, and therefore
Nutrients 2020, 12, 397; doi:10.3390/nu12020397 www.mdpi.com/journal/nutrients69
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emotional exhaustion is seen as the key component of burn-out [1,9,10]. To have better insight into
the relationships people have with their job, it is also important to include the other two dimensions.
Cynicism refers to the cognitive distance burned out people are taking from their job, and professional
(in)efficacy refers to the feeling of being incompetent at work [9,11].
To reduce the high—and increasing—incidence and prevalence of burn-out, effective interventions
are needed. In a systematic review by Awa et al. [12], it was concluded that a lot of interventions, such
as relaxation training and task restructuring at work, are effective, but after several months the positive
effects are diminished. This shows the need to develop interventions that are effective in the long
term. It has been argued that energy balance-related behavior—including physical activity, sedentary
and dietary behavior—may play an important role in preventing and/or curing burn-out. Although
physical (in)activity and diet have been associated with mental health, depression and anxiety [13–15],
their link with burn-out is unclear. There are several reasons why energy balance-related behavior
may be effective to reduce and prevent burn-out.
Physical activity is defined as “any bodily movement produced by skeletal muscles and which
requires energy expenditure” [16]. The benefits of physical activity and exercise are enormous.
Besides the well-known cardiovascular adaptations, they can increase cerebral blood flow, upregulate
neurotrophic factors (e.g., brain-derived neurotrophic factor (BDNF)), support cognitive function and
improve executive functions (e.g., planning and sequencing) [17–19]. Furthermore, physical activity
can facilitate taking psychological distance from work, which reduces job stress and increases job
performance [20,21]. As people with burn-out have decreased BDNF-levels, increased job stress, and
decreased cognitive function, the abovementioned benefits of physical activity may reduce or even
prevent burn-out [22–24]. In a systematic review by Naczenski et al. [1], which included ten studies, it
was concluded that physical activity may be effective in reducing burn-out levels, showing a possible
causal relationship between both. On the other hand, a systematic review and meta-analysis by
Ochentel et al. [6] did not find clear (statistical) evidence that exercise therapy is effective in reducing
burn-out levels. It should be said, though, that the majority of the included studies in the meta-analysis
reported significant differences between the intervention and control groups. Moreover, only four
studies were meta-analyzed, making it difficult to make reliable statistical statements.
Sedentary behavior is defined as “any waking behavior characterized by an energy expenditure ≤
1.5 METs (Metabolic Equivalent of Task) while in a sitting, reclining or lying posture” [25]. Sedentary
behavior is associated with physical (in)activity [26], but there is still a clear distinction between
both [27,28]. A systematic review by Rezende et al. [29] concluded that sedentary behavior may be a
determinant of health, independently of physical activity. In addition, van der Ploeg et al. [27] indicated
that sedentary behavior and physical (in)activity should be targeted at the same time in public health
strategies, while the two earlier mentioned systematic reviews [1,6], only included studies assessing
the link between physical activity and burn-out, without taking sedentary behavior into account. It
has been suggested that sedentary behavior may influence mental performance and mental health.
Watching television, for example, is associated with decreased executive functioning and decreased
cognitive performance [30,31]. Furthermore, Engeroff et al. [32] found that BDNF-levels are negatively
associated with sedentary behavior. In a systematic review by Teychenne et al. [33] it was suggested
that sedentary behavior is associated with a higher risk of depression, while an experimental study
demonstrated that increased sedentary time may result in decreased mood [34].
Dietary behavior is another component of energy balance-related behavior and includes aspects
such as dietary intake, diet quality and dietary patterns. Diet may also play a role in reducing and
preventing burn-out, as it exerts a certain influence on neurotransmitters and neurotransmission.
Research showed that the function and levels of neurotransmitters are different in people with
burn-out [35,36]. Tops et al. [35] found that people experiencing burn-out are showing a low
serotonergic and a low dopaminergic function. Furthermore, low exhaustion is associated with
higher neurotransmitter levels, such as norepinephrine, dopamine and acetylcholine, compared to
people with moderate exhaustion [36]. It should be mentioned that, in the latter study, a comparison
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with people experiencing high exhaustion could not be made due to the lack of highly exhausted
people. Previous research has already demonstrated the mediating role of neurotransmission in the
relationship between diet and mental health. For example, the administration of tryptophan increases
brain serotonin synthesis, which, in turn, influences serotonin-dependent brain functions such as
mood [37]. Tryptophan can be found in foods such as poultry, milk and some seeds. Likewise, the
administration of tyrosine increases the production and release of dopamine and norepinephrine [37],
which was found to be diminished in exhausted people. Tryptophan can be found in foods such
as poultry, milk and some seeds. Likewise, the administration of tyrosine increases the production
and release of dopamine and norepinephrine [37], which was found to be diminished in exhausted
people. An increased production and release of this amino acid can be useful in enhancing performance
during highly stressful situations. Tyrosine can be found in foods such as dairy, meat and fish.
Secondly, studies showed that glucose administration and dietary carbohydrates enhance cognitive
performance [38–40], while Chung et al. [41] suggested that also a mixed-grain diet can be beneficial
for cognitive performance. This latter study also found beneficial effects of mixed-grain diet on
plasma BDNF levels, which are decreased in people with burn-out. Lastly, omega-3-supplementation
is associated with mood state, which results in an increase in feelings of vigor and a decrease in
feelings of anger, anxiety, fatigue, depression and confusion [42]. The abovementioned physiological
mechanisms hypothesize the preventative and healing functions of energy balance-related behavior
towards burn-out.
It is clear that—given the rise in incidence and prevalence of burn-out—effective interventions
are urgently needed. Improving energy balance-related behavior may be a promising strategy
to counter burn-out. Although two recent (contradicting) systematic reviews [1,6] on the single
association between physical activity and burn-out have been published, to date, no overview of
studies investigating the relationship between energy balance-related behavior from a holistic point of
view (including physical activity, sedentary and dietary behavior) and burn-out is available. Therefore,
the aim of the present systematic review is to synthesize studies investigating the association between
energy balance-related behavior and burn-out.
2. Materials and Methods
This review is registered in PROSPERO with registration number: CRD42019124458.
2.1. PICO Statement
The present systematic review investigates the association between energy balance-related
behavior (i.e., physical activity, sedentary and dietary behavior) (=exposure or intervention) and
burn-out (=outcome) in adults (=population).
2.2. Databases and Key Words
Following the PRISMA guidelines for conducting systematic reviews [43], a search was conducted
in PubMed, Web of Science, PsycINFO and Embase using the following search terms: “energy
balance-related behavior”, “energy balance”, “energy expenditure”, “physical (in)activity”, “physically
(in)active”, “exercise”, “training”, “sport”, “moving”, “work-out”, “leisure (time) activity”, “walking”,
“biking”, “(in)active lifestyle”, “lifestyle (related) activity”, “household activity”, “housework”,
“gardening”, “active transport”, “transportation”, “sedentary”, “sitting”, “lying down”, “diet”,
“food”, “eating”, “nutrition”, “caloric intake”, “energy intake”, “burn-out”, “affective disorder”,
“adaptive disorder”, “common mental disorder”, “psychological discomfort”, “psychological stress”,
“psychological health”, “psychological illness”, “psychological fatigue”, “job stress”, “toxic stress”,
“chronic stress”, “work stress”, “occupational stress”, “occupational health”, “exhaustion”, “mental
fatigue”, “mental illness”; “mental disorder”, “well-being”, “emotional burden”, “depersonalisation”,
“personal accomplishment”, “cynicism”, “inefficacy”. The PICO/PECO method [44] was used to
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structure and combine key words using Boolean terms. Wildcards were used for plural, other spelling
and to cover British and American English equivalents.
2.3. Eligibility Criteria
Results were limited to original English-language articles published in full-text format in peer
reviewed journals until January 2019, assessing the direct relationship between energy balance-related
behavior (i.e., physical activity, sedentary and dietary behavior) and burn-out or one or more of
its components (i.e., emotional exhaustion, cynicism and inefficacy) in working adults between 18
and 65 years old. Meta-analyses, systematic reviews, methodological papers, congress proceedings,
meeting abstracts and case studies were excluded from the search. Studies were also excluded when
investigating other affective disorders than burn-out (such as depression, bipolar disorders and anxiety
disorders), investigating the influence of an intervention including more than only physical activity
(such a mediation exercises, workshops, etc.) on burn-out levels, including non-working adults such as
people in prison, students, athletes, etc., investigating the association between burn-out and disordered
eating behaviors (such as emotional eating, uncontrolled eating, etc.), or investigating the association
between burn-out and alcohol.
2.4. Selection of Studies
After completing the search in each database, all references were imported into EndNote
(=bibliographic software program) and then exported to Rayyan (=bibliographic software program
designed to facilitate systematic reference selection), in which the study selection was conducted.
The study selection included the screening of titles, abstract and full-texts and conducting a forward and
backward search. The search and study selection were conducted in January 2019 by two researchers
independently from each other (YV and EVDL). Any doubts or disagreements between the two
researchers were discussed with a third researcher (TD). The followed methodology was reviewed and
approved by the head of the university library (KA). When important information in the articles was
missing, authors were contacted via e-mail.
2.5. Quality Assessment
The ‘Standard quality assessment criteria for evaluating primary research papers from a variety
of fields’ [45] was used to assess the methodological quality of the included studies. The checklist
consists of 14 items which were given a certain score depending on whether or not the specific criterion
was met (“no” = 0, “partial” = 1, “yes” = 2). Depending on the study design, some items were not
applicable and were therefore scored as ‘not applicable (N/A)’ and excluded from the calculation of the
total score. The total sum was calculated by summing the total number of “yes” multiplied by 2 and
the total number of “partials” multiplied by 1. The total possible sum was calculated as follows: 28 −
(number of ‘N/A’ × 2). Lastly, the summary score was calculated by dividing the total sum by the total
possible sum.
3. Results
In total, 18,536 articles were found. When removing all duplicates, 4907 articles remained. Titles
and abstracts were screened for eligibility. Of the 109 remaining articles, sixteen studies met the
inclusion criteria. In addition, a forward and backward search was performed through which we
identified six more studies. Another two articles were included after screening the reference lists of
two previously published systematic reviews investigating the association between physical activity
and burn-out [1,6]. One more article was obtained through hand search [46]. So, in total, 25 articles
were included in the final synthesis. The flow chart of the search process is displayed in Figure 1.
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Figure 1. Flow chart of the systematic search.
The 25 included studies consisted of ten experimental and 15 observational studies.
The experimental studies included five randomized controlled trials (RCTs), one randomized clinical
trial, one quasi experimental and three pre-experimental studies. An overview of the included
experimental studies is presented in Table 1. The observational studies included six longitudinal and
nine cross-sectional studies. An overview of the included observational studies is presented in Table 2.
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3.1. Physical Activity
All 25 studies assessed the relationship between physical activity and burn-out.
Nine out of ten experimental studies found a positive effect of physical activity on risk of burn-out. More
specifically, five studies found a reduction in risk of burn-out in general (i.e., all three dimensions combined)
due to physical activity (reduction ranging from 6.9% to 41.3%) [49,52–55]. Two studies assessed the effect
of physical activity on all three dimensions of burn-out separately, reporting a positive effect on emotional
exhaustion (−33.4% and−10%) and cynicism (−33.3% and−4%), but not on personal accomplishment [51,56].
However, one other study also assessed the effect of physical activity on emotional exhaustion, cynicism
and personal accomplishment separately and did not find a significant effect on any dimension [50]. Two
of the ten experimental studies assessed the effect of physical activity on emotional exhaustion only and
showed a significant improvement in emotional exhaustion (−21.6% and −10%) [47,48].
Four experimental studies also conducted follow-up measurements, with three studies reporting
a decrease in risk of burn-out three and six months after the physical activity intervention [47,53,56].
The fourth study equally showed a decrease after six months and this maintained after 12 months [52].
Four studies compared physical activity interventions with other interventions such as multimodal
rehabilitation and basic care, but no significant differences in the decrease in burn-out risk between
these interventions were reported [49,52,54,56].
All 15 observational studies assessed the relationship between physical activity and risk of burn-out, or
one of its components. Fourteen observational studies found a negative association between physical activity
and risk of burn-out, or one of its components, and one did not find a relationship. More specifically, ten
studies assessed the relationship between physical activity and risk of burn-out generally [21,61,63,64,66–69],
of which nine found a negative association and one did not find a significant relation between both [65].
One observational study assessed both the relationship between physical activity and risk of burn-out
and all three dimensions separately and found negative associations between physical activity and risk
of burn-out, emotional exhaustion and cynicism and a positive association between physical activity and
professional efficacy [57]. Four other studies found a negative association between physical activity and
emotional exhaustion [46,58,60,70] and one of them also found a positive association between physical
activity and cynicism [46]. Lastly, one of 15 observational studies concluded that the association between
physical activity and risk of burn-out was stronger in workers with a sedentary job [58].
3.2. Sedentary Behavior
Two of the 15 observational studies including physical activity also assessed the relationship
between sedentary behavior and risk of burn-out. Both studies found a positive association with risk
of burn-out [67,68].
3.3. Dietary Behavior
Besides physical activity, two of the observational studies also examined the link between
diet and risk of burn-out. In both studies diet was measured by a single question. The study by
Alexandrova-Karamanova et al. [46] measured fast food consumption by asking how many times in a
week people ate fast food, and concluded that fast food consumption was positively associated with
risk of burn-out. In the study by Gorter et al. [69] dietary behavior was measured by asking how many
healthy diets participants consumed during workdays, and found that the amount of healthy diets
during workdays and the risk of burn-out were negatively associated.
3.4. Quality Assessment of the Included Studies
According to the “Standard quality assessment criteria for evaluating primary research papers
from a variety of fields” [45], the mean article quality score was 0.82 ± 0.10 out of a total of 1 (Table 3).
Eleven articles scored below the mean score with a minimum score of 0.61. Fourteen articles scored
above the mean score with a maximum score of 0.95.
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4. Discussion
In this systematic review, an overview of studies investigating the association between energy
balance-related behavior and burn-out is provided. In total, 25 studies were found, of which 21
assessed the relationship between physical activity and risk of burn-out, two studies investigated the
association between physical activity, sedentary behavior and the risk of burn-out, and two assessed
the link between physical activity, dietary behavior and risk of burn-out. No articles using a holistic
approach—i.e., investigating the relationship between energy balance and energy balance-related
behavior as a whole and risk of burn-out—were found. Nevertheless, it is important to use a combined
approach to gain more insight regarding, e.g., which behavior may have a bigger impact on burn-out
risk. Moreover, as previously mentioned, van der Ploeg et al. [27] indicated that sedentary behavior
and physical (in)activity should be targeted at the same time in public health strategies. The present
systematic review, for example, shows that the association between physical activity and risk of
burn-out was stronger in workers with a sedentary job, showing a possible interaction between both
physical activity and sedentary behavior in relation to burn-out risk [58]. A similar interaction between
both behaviors, but with mortality as the outcome measure, was found in a large-scale meta-analysis
(including over one million men and women), where high levels of moderate intensity physical activity
(about 60–75 min per day) eliminated the increased risk of death associated with high sitting time [71].
In addition, previous studies showed that increased screen time was associated with an overall
poor diet quality [72,73]. The above indicates possible triangular interactions, again highlighting the
importance of combining all energy balance-related behaviors when investigating their association
with burn-out risk.
Furthermore, despite the fact that no studies investigating the relationship between energy
balance (i.e., energy intake vs. energy expenditure [74]) and burn-out were found, a positive or
negative energy balance may also be associated with burn-out. The interaction and co-existence of
energy balance-related behaviors determine whether or not a positive or negative energy balance is
experienced [75]. As energy imbalances may lead to the development of overweight and obesity (=
physical health) [74], one may hypothesize that a similar imbalance may lead to decreased mental
health as well. Previous research, in fact, demonstrates that obesity is associated with higher levels of
burn-out [76].
Despite the heterogeneity of populations, assessment methods for both risk of burn-out and
physical activity, and physical activity interventions, the vast majority of the experimental studies,
including 5 RCTs, concluded that physical activity is effective in reducing the risk of burn-out,
suggesting a causal link between both. The experimental studies showed a decrease in burn-out
risk ranging from 6.9% to 41.3% [49,52–55], a decrease in emotional exhaustion between 10% and
33.4% [47,48,51,56] and a decrease in cynicism of 33.3% and 4% [48,51]. One experimental study by
Freitas et al. [50], showing a relatively low quality score of 0.63, did not find any significant effect of
physical activity on risk of burn-out. This may be due to the small sample size (n = 21) and the duration
of the physical activities performed in this study. The participants had to perform a 10-min workplace
physical activity session on weekdays (no information on type or intensity was provided), while the
World Health Organization (WHO) [16] recommends that adults should be physically active at a
moderate intensity for at least 150 min per week or at a vigorous intensity for at least 75 min per week
or an equivalent combination of both moderate and vigorous intensity activity. So, the total duration of
the physical activities performed in the study by Freitas et al. [50] (ten minutes per day, for five days a
week) was not meeting the above guidelines [77]. On the other hand, the study by Stenlund et al. [54],
in which the performed physical activities (60 min, twice a week, at a moderate intensity) also failed to
meet the WHO guidelines, did report a significant effect of physical activity on burn-out. It should be
mentioned that, despite not meeting the recommendations, total physical activity duration in the latter
study was still much higher compared to the study by Freitas et al. [50] (i.e., 120 min versus 50 min per
week, respectively). In another experimental study [55], two groups of participants performed high-
and low-intensive physical activities, respectively, for 60 min twice a week (=120 min in total). The low
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intensive group also failed to meet the WHO guidelines. Nevertheless, both groups (high vs. low
intensity) had more or less the same effect on burn-out (reductions of 8.1% and 8.2%, respectively) [55].
These findings suggest that lower (than recommended) amounts of physical activity of 120 min per
week (at a low to moderate intensity) may already be effective in reducing burn-out risk. Furthermore,
the role of intensity may be questioned. It should be mentioned, however, that the physical activities
performed in the other experimental studies (showing a positive effect of physical activity on burn-out
risk) were in line with the WHO guidelines, as they lasted 20 to 60 min for two to five times per
week at a moderate to vigorous intensity [47–49,51,53]. The remaining two experimental studies did
not give clear information about the duration of the physical activity sessions [52,56]. Further, four
experimental studies [47,52,53,56] also conducted follow-up measurements and showed a decrease in
risk of burn-out three, six and 12 months after the interventions, indicating long-term effectiveness,
even when the physical activity intervention did not remain in place.
Our results are in line with the systematic review by Naczenski et al. [1] showing strong evidence
for the effect of physical activity on reducing (emotional) exhaustion, but limited evidence for the effect
on professional efficacy and cynicism. Further, Naczenski et al. [1] concluded that being physically
active one or two times per week for four to 18 weeks has promising effects on reducing burn-out
symptoms. The present systematic review slightly deviates from this conclusion, showing that positive
effects on burn-out risk were achieved when being physically active two to five times per week for 20 to
60 min, for six to 18 weeks, with 18 weeks showing the biggest reduction in burn-out risk (−47.8%) [53].
The latter suggests that the longer the duration of the physical activity intervention, the higher the
reduction in burn-out risk. However, due to the large variety in type, intensity, duration and frequency
of the performed physical activities in the included studies, comparison of the effectiveness of the
individual interventions remains difficult. Further research to unravel the respective effects of type,
intensity, duration and frequency is therefore highly recommended. Furthermore, to better understand
the relationship between physical activity and burn-out risk, it is also important to investigate
the underlying physiological mechanisms. For example, the role of BDNF might be interesting as
BDNF-levels increase when physical activity is performed, while on the other hand, BDNF-levels
were found to be decreased in people having burn-out [22]. Four experimental studies [49,52,54,56]
compared physical activity interventions with other interventions—such as basic care, cognitive
interventions and a multimodal rehabilitation program—and did not find physical activity to be more
effective compared to the other treatment arms. It should be mentioned that, in one of these studies [52],
the aforementioned conclusion was based on the results of six and 12 months after the intervention was
completed, possibly causing differences between treatment effects to have been diminished. Another
possible reason for these results may be a shared effect between the interventions, resulting in no effect
of intervention type [78]. As suggested by Heiden et al. [52], the same (psychosocial) attention was
given to all patients in both interventions, suggesting (psychosocial) attention to be such a shared
effect. Furthermore, as human interaction was also present in the other experimental studies (e.g.,
interaction between the researcher or therapist and the participant during the intervention phase), part
of the intervention effects might be explained by the same psychosocial component [49,52,54,56].
These results might suggest that physical activity may be equally effective compared to other
types of interventions, as long as there is a psychosocial component involved. Future research should
further unravel the relative importance of physical activity versus other intervention components
when aiming at reducing burn-out risk.
Regarding sedentary behavior, only positive relationships with risk of burn-out were reported,
indicating that higher levels of sedentary behavior are associated with higher burn-out risk. It
should be mentioned, however, that only two observational studies [62,67] were found, making it
difficult to draw any firm conclusions. Nevertheless, the quality score of these two studies was high
(0.86 and 0.95). Besides, it is important to mention that these studies primarily aimed to assess the
relationship between physical activity and risk of burn-out. In both studies, the assessment method of
physical activity was the 4-level Saltin Grimby Physical Activity Level Scale [79], of which the lowest
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level reflects sedentary behavior. This level means that participants were not participating in any
leisure-time physical activities or sport activities, which is not in line with the definition of sedentary
behavior [25]. Furthermore, no validated objective (e.g., inclinometers, accelerometers) nor subjective
(e.g., more detailed context-specific questionnaires) assessment methods for sedentary behavior were
used. Despite the fact that sedentary behavior may influence mental health and despite its impact
on the risk of the occurrence of common mental disorders such as depression, decreased mood and
anxiety, no experimental studies investigating the influence of sedentary behavior on burn-out risk
were found. Furthermore, the study by Bernaards et al. [58] concluded that the association between
physical activity and burn-out risk was stronger in workers with a sedentary job. This suggests a
possible moderating role of sedentary behavior in the physical activity-burn-out risk relationship
pathway. So, the interaction between physical activity and sedentary behavior should be further
investigated while explaining burn-out risk.
Two observational studies [46,69], with quality scores of 0.80 and 0.91 respectively, found that
a healthier diet is related to a lower risk of burn-out. Because only two studies were found and
the fact that these two studies were investigating different aspects of dietary behavior, namely fast
food consumption and the amount of healthy diets during work days, it is difficult to draw reliable
conclusions regarding this relationship. Moreover, these two studies did not use valid and reliable
assessment methods to measure both aspects. Alexandrova-Karamanova et al. [46] measured fast food
consumption by one single self-constructed question, namely “How many times in a week do you eat
fast food?”. In the study by Gorter et al. [69] dietary behavior was measured by asking how many
healthy diets participants consumed during workdays, while “healthy diets” was not defined. These
methodological shortcomings make it even more difficult to draw firm conclusions.
It has been shown that diet may influence mental health. A systematic review and meta-analysis
by Tolkien et al. [80] for example, concluded that an anti-inflammatory diet may play an important
role in preventing or reducing depression risk and symptoms. Moreover, because of the link between
burn-out and neurotransmission and the role diet may play herein, it is important to further investigate
the link between dietary behavior and burn-out risk by conducting experimental research using valid
and reliable assessment methods (e.g., food diaries, 24-hour recalls or food frequency questionnaires).
Because all studies regarding sedentary behavior, dietary behavior and burn-out risk had an
observational design, no conclusions about the causal relationship can be made. As hypothesized
above, being sedentary may increase the risk of burn-out through different physiological mechanisms,
while a burn-out may also cause people to be more sedentary, and so reversed causality is possible.
The same may be true for dietary behavior. This shows the need for more experimental studies
investigating the causal relationship between sedentary and dietary behavior and burn-out risk.
There are several limitations to the included studies. A first limitation is the fact that some
studies [57,58,69] measured physical activity with only one or two single self-constructed questions.
Moreover, some measurement methods for physical activity had methodological shortcomings.
The study by Liang et al. [61], for example, measured exercise behavior on a 5-point scale with anchors
1: ‘never’ to 5: ‘many times in a week’, while ‘many times’ was not defined. Future research should
use validated questionnaires (e.g., International Physical Activity Questionnaire [81]), and preferably
objective measures, such as accelerometers or pedometers. The same can be said for sedentary and
dietary behavior. A second limitation is that less than half of the included studies used the Maslach
Burnout Inventory (MBI), while the MBI is the gold standard assessment tool for burn-out [82]. All
the other assessment tools for burn-out used in the included studies are based on other definitions of
burn-out and are mostly measuring one dimension, namely (emotional) exhaustion. It is recommended
that future research uses the gold standard assessment tool for measuring burn-out, in order to increase
measurement homogeneity across studies. A third limitation is that some studies are mixing up
the terms “physical inactivity” and “sedentary behavior”. Two of the included studies [57,63] use a
physical activity questionnaire to classify people as active or inactive, and considered inactive people
to be sedentary, while literature clearly shows that physical inactivity and sedentary behavior are
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two different concepts [27,28,83]. A fourth limitation is that the majority of the included studies did
not take physiological, psychological and sociological confounders into account, and so conclusions
may have to be interpreted with caution. A fifth limitation is that most studies consisted mostly of
female participants, which may have influenced the results. Research shows that women generally eat
healthier but are less physically active compared to men [84–89]. Moreover, a meta-analysis showed
that women are more likely to report burn-out [90]. More specifically, women reported to be more
emotionally exhausted than men, while men were more depersonalized [90]. Hence, future studies
investigating the association between energy balance-related behavior and burn-out should take sex
into account. Lastly, some articles were missing some relevant information, such as how physical
inactivity was measured, so the authors had to be contacted. Unfortunately, we did not always get a
response leaving some queries unanswered.
There are also a few limitations to the present systematic review. Since non-English written
publications were excluded, we may have missed out on important scientific articles in other languages.
Additionally, the used quality assessment tool does not distinguish between experimental and
observational studies. Experimental studies can be considered higher in quality and so they should
receive a higher score in the quality assessment. However, when calculating the mean quality score
per study design, a higher mean quality score of 0.87 ± 0.08 for the observational studies was found,
compared to a mean quality score of 0.74 ± 0.08 among the experimental studies.
A strength of this systematic review is the fact that this is the first systematic review aiming to
include articles of all study designs investigating the relationship between energy balance-related
behavior as a whole (i.e., the combination of physical activity, sedentary behavior and dietary behavior)
and burn-out risk. As—in the present review—no studies using this holistic approach were found, and
because of the hypothesized role these three components may play in reducing or preventing burn-out,
further research on this topic is needed.
5. Conclusions
This systematic review shows that any type of physical activity, lasting 20 to 60 min and performed
two to five times per week for six to 18 weeks, may be effective in reducing the risk of burn-out. The few
observational studies linking sedentary and dietary behavior with burn-out risk suggest that engaging
in frequent sedentary behavior and eating less healthy are each associated with higher burn-out risk.
More high-quality research is needed to unravel the causal relationship between sedentary and dietary
behavior and the risk of burn-out.
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Davas, A.; Milošević, M.; Mijakoski, D. Burnout and health behaviors in health professionals from seven
European countries. Int. Arch. Occup. Environ. Heal. 2016, 89, 1059–1075. [CrossRef]
90
Nutrients 2020, 12, 397
47. De Vries, J.D.; Van Hooff, M.L.; Guerts, S.A.; Kompier, M.A.; Jd, D.V.; Mlm, V.H.; Sae, G.; Maj, K. Exercise to
reduce work-related fatigue among employees: A randomized controlled trial. Scand. J. Work. Environ. Heal.
2017, 43, 337–349. [CrossRef]
48. Dreyer, S.; Dreyer, L.; Rankin, D. Effects of a 10-week High-Intensity Exercise Intervention on College Staff
with Psychological Burnout and Multiple Risk Facts. J. Res. 2012, 7, 27–33.
49. Eskilsson, T.; Järvholm, L.S.; Gavelin, H.M.; Neely, A.S.; Boraxbekk, C.-J. Aerobic training for improved
memory in patients with stress-related exhaustion: A randomized controlled trial. BMC Psychiatry 2017,
17, 322. [CrossRef]
50. Freitas, A.R.; Carneseca, E.C.; Paiva, C.E.; Paiva, B.S.R. Impact of a physical activity program on the anxiety,
depression, occupational stress and burnout syndrome of nursing professionals1. Rev. Latino-Americana
de Enferm. 2014, 22, 332–336. [CrossRef]
51. Gerber, M.; Brand, S.; Elliot, C.; Holsboer-Trachsler, E.; Pühse, U.; Beck, J. Aerobic exercise training and
burnout: A pilot study with male participants suffering from burnout. BMC Res. Notes 2013, 6, 78. [CrossRef]
52. Heiden, M.; Lyskov, E.; Nakata, M.; Sahlin, K.; Sahlin, T.; Barnekow-Bergkvist, M. Evaluation of cognitive
behavioural training and physical activity for patients with stress-related illnesses: A randomized controlled
study. Acta Derm. Venereol. 2007, 39, 366–373. [CrossRef]
53. Lindegård, A.; Jonsdottir, I.H.; Börjesson, M.; Lindwall, M.; Gerber, M. Changes in mental health in compliers
and non-compliers with physical activity recommendations in patients with stress-related exhaustion.
BMC Psychiatry 2015, 15, 272. [CrossRef]
54. Stenlund, T.; Birgander, L.S.; Lindahl, B.; Nilsson, L.; Ahlgren, C. Effects of Qigong in patients with burnout:
A randomized controlled trial. J. Rehabil. Med. 2009, 41, 761–767. [CrossRef]
55. Tsai, H.H.; Yeh, C.Y.; Su, C.T.; Chen, C.J.; Peng, S.M.; Chen, R.Y. The effects of exercise program on burnout
and metabolic syndrome components in banking and insurance workers. Ind. Heal. 2013, 51, 336–346.
[CrossRef]
56. Van Rhenen, W.; Blonk, R.W.B.; Van Der Klink, J.J.L.; Van Dijk, F.J.H.; Schaufeli, W.B. The effect of a cognitive
and a physical stress-reducing programme on psychological complaints. Int. Arch. Occup. Environ. Heal.
2005, 78, 139–148. [CrossRef]
57. Ahola, K.; Pulkki-Raback, L.; Kouvonen, A.; Rossi, H.; Aromaa, A.; Lonnqvist, J. Burnout and behavior-related
health risk factors: Results from the population-based Finnish Health 2000 study. J. Occup. Environ. Med.
2012, 54, 17–22. [CrossRef]
58. Bernaards, C.M.; Jans, M.P.; van den Heuvel, S.G.; Hendriksen, I.J.; Houtman, I.L.; Bongers, P.M. Can strenuous
leisure time physical activity prevent psychological complaints in a working population? Occup. Environ. Med.
2006, 63, 10–16. [CrossRef]
59. Carson, R.L.; Baumgartner, J.J.; Matthews, R.A.; Tsouloupas, C.N. Emotional exhaustion, absenteeism, and
turnover intentions in childcare teachers: Examining the impact of physical activity behaviors. J. Health Psychol.
2010, 15, 905–914. [CrossRef]
60. de Vries, J.D.; Claessens, B.J.C.; van Hooff, M.L.M.; Geurts, S.A.E.; van den Bossche, S.N.J.; Kompier, M.A.J.
Disentangling longitudinal relations between physical activity, work-related fatigue, and task demands.
Int. Arch. Occup. Environ. Health 2016, 89, 89–101. [CrossRef]
61. Liang, H.-L.; Kao, Y.-T.; Lin, C.-C. Moderating effect of regulatory focus on burnout and exercise behavior.
Percept. Mot. Skills 2013, 117, 696–708. [CrossRef]
62. Lindwall, M.; Gerber, M.; Jonsdottir, I.H.; Börjesson, M.; Ahlborg, G., Jr. The relationships of change in
physical activity with change in depression, anxiety, and burnout: A longitudinal study of Swedish healthcare
workers. Health Psychol. 2014, 33, 1309–1318. [CrossRef]
63. Moueleu Ngalagou, P.T.; Assomo-Ndemba, P.B.; Owona Manga, L.J.; Owoundi Ebolo, H.; Ayina Ayina, C.N.;
Lobe Tanga, M.Y.; Guessogo, W.R.; Mekoulou Ndongo, J.; Temfemo, A.; Mandengue, S.H. Burnout syndrome
and associated factors among university teaching staff in Cameroon: Effect of the practice of sport and
physical activities and leisures. Encephale 2018. [CrossRef]
64. Hu, N.-C.; Chen, J.-D.; Cheng, T.-J. The associations between long working hours, physical inactivity, and
burnout. J. Occup. Environ. Med. 2016, 58, 514–518. [CrossRef]
65. Peterson, U.; Demerouti, E.; Bergstrom, G.; Samuelsson, M.; Asberg, M.; Nygren, A. Burnout and physical
and mental health among Swedish healthcare workers. J. Adv. Nurs. 2008, 62, 84–95. [CrossRef]
91
Nutrients 2020, 12, 397
66. Sane, M.A.; Devin, H.F.; Jafari, R.; Zohoorian, Z. Relationship between physical activity and it’s components
with burnout in academic members of Daregaz Universities. In 4th World Conference on Educational Sciences;
Baskan, G.A., Ozdamli, F., Kanbul, S., Ozcan, D., Eds.; Procedia—Social and Behavioral Sciences: Mashhad,
Iran, 2012; Volume 46, pp. 4291–4294.
67. Jonsdottir, I.H.; Rödjer, L.; Hadzibajramovic, E.; Börjesson, M.; Ahlborg, G., Jr. A prospective study of
leisure-time physical activity and mental health in Swedish health care workers and social insurance officers.
Prev. Med. 2010, 51, 373–377. [CrossRef]
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Abstract: Abnormally high levels of physical activity have been documented throughout the literature
in patients with eating disorders (ED), especially those diagnosed with anorexia nervosa (AN). Yet no
clear definition, conceptualization, or treatment of the problematic use of physical activity (PPA) in ED
patients exists. The aim of this review is to propose a new classification of PPA, report the prevalence,
triggers, predictors, maintainers and other related factors of PPA in ED patients, in addition to proposing
a comprehensive model of the development of PPA in AN. A total of 47 articles, retrieved from Medline
and Web of Science, met the inclusion criteria and were included in the analysis. As a result, the new
approach of PPA was divided into two groups (group 1 and group 2) according to the dimension
(quantitative vs qualitative approach) of physical activity that was evaluated. The prevalence of
PPA in ED was reported in 20 out of 47 studies, the comparison of PPA between ED versus controls
in 21 articles, and the links between PPA and psychological factors in ED in 26 articles, including
depression (16/26), anxiety (13/26), obsessive–compulsiveness (9/26), self-esteem (4/26), addictiveness
(1/26), regulation and verbal expression of emotions (1/26) and anhedonia (1/26). The links between
PPA and ED symptomatology, PPA and weight, body mass index (BMI) and body composition in
ED, PPA and age, onset, illness duration and lifetime activity status in ED, PPA and ED treatment
outcome were reported in 18, 15, 7, 5 articles, respectively. All of the factors have been systematically
clustered into group 1 and group 2. Results focused more on AN rather than BN due to the limited
studies on the latter. Additionally, a model for the development of PPA in AN patients was proposed,
encompassing five periods evolving into three clinical stages. Thus, two very opposite components of
PPA in AN were suggested: voluntarily PPA increased in AN was viewed as a conscious strategy to
maximize weight loss, while involuntarily PPA increased proportionally with weight-loss, indicating
that exercise might be under the control of a subconscious biological drive and involuntary cognition.
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1. Introduction
A display of abnormally high levels of physical activity has been observed from the earliest
clinical description of eating disorders (ED), especially in anorexia nervosa (AN) [1]. The latter
has been considered to affect 31% to 80% of AN patients [2] and has been associated with a longer
length of hospital stay [3], poor treatment outcome [4], interfering with refeeding strategies and
body weight stabilization [5] and an increased risk of relapse and chronicity [6]. With more than
400 articles and seven partial reviews published on the subject in the past three decades, there is still
no consensus on how to define, conceptualize or treat these observed high levels of physical activity in
individuals suffering from ED. Physical activity is considered to be any body movement produced by
the contraction of skeletal muscles, resulting in a substantial increase of energy expenditure relative
to basal metabolism [7]. This has translated into a plethora of terms and definitions that has been
described in social psychology by Hagger [8] who defines it as a “déjà-vu” phenomenon: “the feeling
that one has seen a variable with the same definition and content before only referred to by a different
term” [8] (p. 1). This might imply inconsistent or even contradictory findings, when in fact the
definitions are the ambiguous factor [8]. In the current review, problematic use of physical activity in
ED will be referred to as “problematic use of physical activity or PPA”.
The seven previous reviews tackling the matter [2,9–14] did not adhere to the recommendation
suggested by Hagger [15]. In other terms, they did not propose a redefinition/a model of the particular
phenomena of PPA in ED. None of them considered all currently published studies, as some have been
published earlier and/or have focused on only one aspect/dimension of the topic.
Researchers have given a plethora of terms and definitions to describe PPA in eating disorder
patients [11]. Terms included “hyperactivity”, “compulsive exercise”, “driven exercise”, “unhealthy
exercise”, “motor restlessness”, “over-exercise”, “overactivity”, “hard exercise”, “drive to exercise”, “drive
for activity”, or “exercise dependence”. This inconsistent use of terminology points out the ambiguity in
defining this problematic behavior [16]. As mentioned by Adkins and Keel [17], definitions generally include
a quantitative dimension of the behavior, including volume, frequency and/or intensity of exercise and/or a
psychopathological dimension, while mentioning compulsivity and/or obsession and/or dependence to
exercise. Multiple possible amalgamations can, therefore, be present and confuse the readers [15].
In light of the current gaps in the literature, the aims of this review are to:
– Propose a new classification of PPA based on the characteristics of physical activity and the nature
of the relation that links the individual to his/her physical activity, independently of the name the
authors had originally given it.
– Give an overview of the prevalence of PPA in ED patients; as well as the triggering, predicting,
maintaining and other associated factors, using our proposed new classification of PPA, which
takes into account the reported methodological discrepancies.
– Propose a comprehensive model of the development of PPA in AN.
2. Materials and Methods
A systematic literature search was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) statement [18].
2.1. Data Sources and Search Strategies
The information and relevant studies were retrieved by searching two on-line databases, MEDLINE
and Web of Science. The following search strategy was conducted (adapted for each database): (“Eating
disorders” OR “anorexia nervosa” OR “bulimia nervosa”) AND (“Exercise” OR “physical activity”). Only
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articles in English or French, from all countries, published between the years 1970 and September 2019
(included) were reviewed. To identify further potentially relevant studies for inclusion, a complementary
manual search of the titles, abstracts and reference lists of these articles was performed. When data were
missing in the paper, additional information from study authors was systematically sought.
2.2. Study Selection
Eligible studies in the empirical literature should have aimed to evaluate the prevalence,
the frequency, the nature and/or the clinical associated features (psychological or somatic) of physical
activity in AN, Bulimia Nervosa (BN) and Eating Disorders Not Otherwise Specified (EDNOS). Our
inclusion criteria limited our review to human studies that recruited all participants, or at least part of
them, diagnosed with AN, BN with or without the mention of the subtypes; or EDNOS according to
research diagnostic criteria. Thus, all studies on participants from the general population, athletes
or animal models were excluded. Studies including other disorders such as Binge Eating Disorder
or Attention Deficit Hyperactivity Disorder and case reports were excluded. All studies that did
not match the aim of our review or papers on the treatment and/or management of physical activity
in ED were not considered. The seven reviews mentioned in the introduction were also excluded
as previously mentioned: none of them considered all currently published studies, as some are old
and/or focused on only one aspect of the topic. Two independent reviewers (MR and NG) performed
eligibility assessment individually. Disagreements between reviewers were resolved by consensus.
Finally, 47 studies that met the inclusion criteria were identified and included in this paper. A flowchart
summarizing the flow diagram of study selection is presented in Figure 1.
Figure 1. Flow diagram of the study selection. * Studies excluded for one or more reasons.
a Blumenthal et al. (1984) [19]; Crisp et al. (1980) [20]; Davis et al. (1994) [21]; Frey et al. (2000) [22];
Kron et al. (1978) [23]; Monell et al. (2018) [24]; Sharp et al. (1994) [25]. b Blumenthal et al. (1984) [19];
Higgins et al. (2013) [26]; Long and Hollin (1995) [27]. c Boyd et al. (2007) [28]; Bratland-Sanda et al.
(2010a, 2010b and 2011) [29–31]; Carruth and Skinner (2000) [32]; Davis et al. (1994 and 1998) [21,33];
Hechler et al. (2008) [34]; Naylor et al. (2011) [35]; Stiles-Shields et al. (2011) [36]; Vansteelandt et al.
(2007) [37]. ED—eating disorders.
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It was not possible to conduct a meta-analysis of the available studies due to the diversity of
concepts and definitions used to evaluate PPA in ED.
3. Results
Aim number 1: Propose a new classification of PPA based on the characteristics of physical activity
and the nature of the relation that links the individual to his/her physical activity, independently of the
name the authors had originally given it.
Table 1 presents a plethora of terms and definitions used by authors, as well as the instruments
used to assess PPA and the time of assessment.
We propose a new approach of PPA. It will categorize and differentiate the quantitative and the
qualitative conceptualisations used in the literature, independently of the terms used by the authors,
and divide studies into the following two groups:
– Group 1: Studies classified in this group determined PPA in a quantitative approach of physical
activity in terms of intensity, frequency, duration and/or type of physical activity.
– Group 2: Studies classified in this group determined PPA in a qualitative approach by focusing
on the relation that links an individual to his/her physical activity, including motives for exercise,
compulsivity and exercise dependence/addiction, with or without a quantitative measure of
physical activity.
Group 1 included 20 studies, group 2 included 20 studies, and seven studies were simultaneously
in group 1 and group 2 (Table 2, column 2).
Table 1 summarizes terms used by authors, definitions, cut-offs, assessment instruments and time
of assessment of PPA in ED. Results of study designs, diagnostic criteria of ED and sample composition
are detailed in Table 3.
Aim number 2: Give an overview of the prevalence of PPA in ED patients and of the triggering,
predicting, maintaining and other associated factors, using our proposed new classification of PPA,
which takes into account the reported methodological discrepancies.
98

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nutrients 2020, 12, 183
Table 2. Status and group classification of studies in the review and prevalence of problematic use of








Falk et al. (1985) [38]
USA Group 1 - - -
Kaye et al. (1986) [39]
USA Group 1 - - -
Casper et al. (1991) [40]
USA Group 1 - - -
Pirke et al. (1991) [41]
Germany Group 1 - - -
Long et al. (1993) [42]
Canada Group 2 - - -
Brewerton et al. (1995) [44]
USA Group 2
b 38.5 22.5 -
Davis et al. (1995) [45]
Canada
Group 1 (Int.) - - Sample 2: 37.5
Group 2 (CES) -
Bouten et al. (1996) [46]
The Netherlands Group 1 - - -
Casper and Jabine (1996) [47]
USA Group 1 75 - -
Davis et al. (1997) [48]
Canada Group 2
b 80.8 57.1 -
Davis and Claridge (1998) [49]
Canada
Group 1
(Current ex. st.) 47.08 32.65 -
Group 2
(Lifetime ex. st.) 76.47 57.14
Davis et al. (1999) [50]
Canada
Group 1
(Current ex. st.) 69 - -
Group 2 (CES) -
Favaro et al. (2000) [51]
Italy Group 1 31.25 - -
Pinkston et al. (2001) [52]
USA




b 54 39 -
Davis and Woodside (2002) [53]
Canada Group 1 - - -
Penas-Lledo et al. (2002) [54]
Spain Group 2 46 45.9 -
Holtkamp et al. (2003) [55]
Germany Group 2 - - -
Holtkamp et al. (2004) [56]
Germany Group 2 - - -
Klein et al. (2004) [57]
USA Group 2 48 - -
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Davis et al. (2005) [58]
Canada Group 1 64 - 2.1 *







Holtkamp et al. (2006) [60]
Germany
Group 1 (acc.) - - -
Group 2 (SIAB)












Klein et al. (2007) [62]
USA Group 1 41.7 - -
Dalle Grave et al. (2008) [63]
Italy Group 2
b AN-R: 80;
AN-BP: 43.3 39.3 -
Mond and Calogero (2009) [64]
Australia Group 2
b 81.1 - -
Bewell-Weiss and Carter (2010) [65]
Canada Group 2 34 - -
Thornton et al. (2011) [66]





Carrera et al. (2012) [67]
The Netherlands Group 1 - - -
Murray et al. (2012) [68]
Australia Group 2 - - -
Smith et al. (2012) [69]
USA Group 2 - - -
Alberti et al. (2013) [71]
Italy Group 1 - - -
Brownstone et al. (2013) [72]
USA Group 2 - 204 -
El Ghoch et al. (2013) [70]
Italy Group 1 - - -
Kostrzewa et al. (2013) [73]
The Netherlands Group 1 30 - -
Zipfel et al. (2013) [74]
Australia Group 2 58.3 - 16.7 *
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Keyes et al. (2015) [75]
United Kingdom
Group 1 (act.) - - -
Group 2 (GDES)
Sauchelli et al. (2015) [76]
Spain Group 1 37.1 - 61.1
Sternheim et al. (2015) [77]
The Netherlands Group 2 - - -
Blachno et al. (2016) [78]
Poland Group 1 - - -
El Ghoch et al. (2016) [79]
Italy Group 1 - - -
Gianini et al. (2016) [80]
USA Group 1 - - -
Noetel et al. (2016) [81]
Australia Group 2 - - -
Lehmann et al. (2018) [82]
Germany Group 1 - - -
Schlegl et al. (2018) [83]
Germany
Group 1
(Self-report) - - -
Group 2 (CET;
EMI-2)
Young et al. (2018) [84]
Australia Group 2 - - -
Acc.: Accelerometer. Act.: Actimetry. AN: Anorexia Nervosa. AN-R: Anorexia nervosa restricting-type. AN-BP:
Anorexia nervosa binge-eating/purging type.BN: Bulimia Nervosa. CES: Commitment to Exercise Scale. CET:
Compulsive Exercise Test. Current ex. st.: Current exercise status. EMI-2: Exercise Motivation Inventory-2. GAD:
Generalized Anxiety Disorder. GDES: Global drive to exercise score. Int.: Interview. Lifetime ex. st.: Lifetime
exercise status. Multi: Multivariate statistical analysis. SIAB: Structured Interview for Anorexic and Bulimic
Disorders. Uni: Univariate statistical analysis. 7d PAR: 7 days Physical Activity Recall. “-”: No available data in
study. * p < 0.05. a According to Shroff and colleagues [61] unique form of categorization of lifetime ED subtypes:
RAN: AN with restrictive eating and no purging or bingeing behavior; PAN: AN with purging behavior and no
bingeing behavior; BAN: AN with bingeing with or without compensatory behaviors; PBN: BN with purging
behavior; NPBN: BN with bingeing and no purging behavior. b Unfused samples (see “results” paragraph).
3.1. Prevalence of Problematic Use of Physical Activity in ED (20/47 Studies)
3.1.1. Problematic Use of Physical Activity in AN (20/20) and the Subtypes
In Group 1, the current prevalence of PPA varies from 30% to 75% according to the definitions or
cut-off chosen (nine studies; Table 2, column 3).
105











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nutrients 2020, 12, 183
In Group 2, we found 14 prevalence for PPA in 12 studies. Lifetime prevalence were given by four
studies [49,59,61,66]. Current prevalence varied from 34% to 58% (Table 2, column 3). The two with
the largest sample size [63,65] were both in favor of higher PPA in AN-R patients compared to AN-BP.
Klein et al. [57], who compared only 8 AN-R with 13 AN-BP patients, failed to find a significant difference.
Shroff et al. [61], who described lifetime ED subtypes (usually diagnosed transversely) found
significantly higher PPA in ANP (according to their own categorization, cf. Table 3 for details of
categorization) than all other subtypes of AN including, what they called, restrictive AN and BN
participants and individuals with a lifetime diagnosis of AN and BN.
3.1.2. Problematic Use of Physical Activity in BN (9/20)
Among BN patients, both prevalence of PPA in Groups 1 and 2 seemed to be strongly affected by the
way they were defined and measured. There were no studies comparing BN patients to healthy controls.
In Group 1 (2/9), PPA varies between 32.6% and 39% in two studies [3,49] (Table 2, column 4).
In Group 2 (1/9), regarding lifetime prevalence, the only study available reported 57% of PPA in
BN [48]. Five studies considered current BN status and reported the prevalence of PPA as varying
from 20.2% (either current or past ED; [61]) to 60% [69].
3.1.3. Comparison of Problematic Use of Physical Activity between AN and BN (10/20)
In the studies comparing PPA in AN and BN [3,41,44,48,49,54,61,63,64,83], AN were found to
be physically more active than BN in: (a) Group 1, four studies [3,41,61,83] out of five [49] found no
significant difference for current exercise status. (b) Group 2, three out of six studies [44,48,63] while
the three others found no significant difference [49] (only for lifetime exercise status) [54,83].
3.2. Comparison of Problematic Use of Physical Activity between ED Versus Controls (21/47)
3.2.1. Problematic Use of Physical Activity in AN Patients Versus Controls (21/21)
Prevalence of PPA in Group 1 was investigated in two studies [58,76], and the results were
contradictive. Davis et al. [58] found significantly more excessive exercisers among the AN patients
than among healthy controls. However, physical activity was significantly higher in healthy controls
compared to AN inpatients [76].
Energy expenditure was measured in six studies [40,41,52,70,75,80] and exercise duration in
one study [83]. Energy expended during physical activity [40,70] and duration of exercise [83] were
significantly higher in AN patients compared to control subjects.
3.2.2. Problematic Use of Physical Activity in BN Patients Versus Controls (2/21)
In Group 1, no significant group differences were found both in energy expenditure (in kilo
calories per day) [41], nor in the duration of physical activity (in minutes per day) [41,83].
In Group 2, BN patients scored higher on the CET’s rule-driven behaviour, weight control exercise,
mood improvement and exercise rigidity subscales than healthy controls [83].
3.3. Links between Problematic Use of Physical Activity and Comorbidities and Psychological Factors in
ED (26/47)
The comorbidities and psychological factors that have been investigated in ED patients will be
reviewed below in the following order: depression (16/26), anxiety (13/26), obsessive–compulsiveness
(9/26), self-esteem (4/26), addictiveness (1/26), regulation and verbal expression of emotions (1/26) and
anhedonia (1/26) (Table 4). When BN is not mentioned, the latter implies absence or non-significant data.
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3.3.1. Depression in AN
Group 1 included six studies and the majority of them (5/6) did not find any association between
PPA and depression [62,67,73,75,76]. Only Falk et Al. [38], found that patients that were less active at
admission were also more depressed, but this association disappeared after 14 days of hospitalization.
Group 2 included eight studies: five [54,56,65,74,75] reported a positive proportional association
between depression, on both categorical and dimensional approaches, and exercise status, including
frequency and volume of exercise. Furthermore, Zipfel et al. [74] found that the patient’s level of
depressive symptoms was positively correlated to total daily energy expenditure. In addition, out
of the four studies that found no association between depression and PPA, Long et al. [42] found
nonetheless that depression was associated with a greater tendency for secret and solitary exercising in
anorexics. The two remaining studies were those with the smallest samples (n = 30 and n = 21) [56,57].
3.3.2. Anxiety in AN
Group 1 included four studies [62,67,73,75], which all failed to find an effect of anxiety: (a) when
comparing high/non-high exercisers [62,73]; (b) using correlations between the level of anxiety and
general physical activity measured in counts/day by an accelerometer [67] or actimetry [75]; (c) when
comparing two levels of physical activity that are sedentary and light physical activity [67]. However,
Carrera et al. [67] noticed that the more time AN patients spent in the moderate to vigorous physical
activity level, the less they reported to be anxious (cf. Table 4).
Group 2 included nine studies. All studies except one [65] found an increase in PPA in cases of
elevated anxiety.
Furthermore, Long et al. [42] found that anxiety levels and phobic anxiety were associated with a
greater tendency for solitary and secret exercising in AN. They also found that individuals suffering
from AN were more likely to cope with negative emotional states (referring to feelings of anxiety,
anger, low mood/depression) by using exercise than normal controls.
In addition, Penas-Lledo et al. [54] found that AN patients who exercised had significantly greater
levels of somatization in addition to anxiety than the ones who did not exercise. Thornton et al. [66]
found that significantly more individuals suffering from AN with or without generalized anxiety
disorder (GAD) reported more PPA than healthy controls and women with GAD only.
3.3.3. Obsessive–Compulsiveness in AN
Group 1 included only two studies [73,78], which did not find a significant difference between
excessive and non-excessive exercisers. However, Blachno et al. [78] found that adolescent patients
at high risk of obsessive–compulsive disorder reported more intentional physical activities aimed at
weight loss than the non-high-risk group.
Group 2 included seven studies: Obsessive–compulsiveness was found to be associated with
PPA in three of these studies [45,50,59,81], with pathologically motivated exercisers reporting
more obsessive–compulsive personality characteristics and greater obsessional-compulsive disorder
symptoms than non-pathologically motivated exercisers [59]. Surprisingly, Bewell-Weiss and Carter [65],
who used a totally different instrument (Padua Inventory, [88]) found that obsessive–compulsiveness
was negatively associated with PPA in AN. The remaining two studies [54,56] found no association
between obsessive–compulsiveness and PPA. No statistical association was found between
obsessive–compulsive traits and addictive personality in childhood and adolescent activity levels of
AN patients [50].
3.3.4. Self-Esteem and Addictiveness in AN
Self-esteem was found to be positively associated with PPA in patients suffering from AN in
Group 2 [65,81]. The study by Davis et al. [50], which is also classified into Group 2, found that an
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addictive personality in AN significantly predicted the degree to which patients reported obligatory
attitudes to exercising. There were no data in the literature regarding BN patients.
3.3.5. Regulation and Verbal Expression of Emotions in BN
A study by Brownstone et al. [72], classified into Group 2, found that only BN patients with
high levels of compulsivity engaged in more PPA when they presented high levels of affect lability
compared to low levels of affect lability. They found a trend for the same association in the case of high
compulsivity’s association between PPA and restricted emotion.
3.3.6. Anhedonia in ED
The study by Davis and Woodside [53], which can be classified into Group 1, found that exercise
status, i.e., excessive vs. non-excessive exercisers, contributed positively to the variance in the level of
anhedonia reported by patients with AN, independently of patient differences in depression severity.
They also found that BN patients belonging to the non-excessive exercise group had significantly lower
anhedonia scores than both BN patients in the excessive exercise group and AN patients belonging to
the non-excessive exerciser group.
3.4. Links between Problematic Use of Physical Activity and ED Symptomatology in AN (18/47)
ED symptomatology was studied either globally or focused on one aspect, such as weight
preoccupation, drive for thinness, body dissatisfaction or eating behaviors.
Group 1 included eight studies. Three examined general eating disorder pathology and found
no association with either locomotor activity [62], actimetry [75], or levels of physical activity [73,76].
When taking into account peak activity (highest per minute level of activity in a 5 min period), PPA
was correlated to EDE-Q higher scores [75].
However, significant associations were reported when the core ED symptoms were studied
separately. In fact, Davis et al. [45] found that weight preoccupation was positively related to AN
patients’ level of physical activity. Two studies [40,51] focused on comparing ED symptoms between
AN patients and healthy controls and found that PPA in AN patients was significantly associated
with greater body dissatisfaction and drive for thinness than controls. Nevertheless, Carrera et al. [67]
found that body dissatisfaction subscale scores of the Eating Disorders Inventory (2nd version) were
not a significant predictor of PPA in AN.
Group 2 included seven studies with mainly the following results: (1) Weight preoccupation was
found positively related to PPA among AN patients [58]; (2) Greater levels of general eating symptoms
and bulimic scores were found in AN outpatients who exercised than in those who did not [54];
(3) Drive for thinness was found to be positively associated with PPA in AN [74]; (4) Quantitative
food restriction was found to be positively related to PPA in AN patients, even when anxiety was
taken into account [56]; (5). PPA was positively correlated with general eating pathology scores of AN
outpatients [75,77] and AN inpatients [81]. In fact, Keyes et al. [75] found that ED pathology, along
with exercising to improve mood, contributed the most to the variance in PPA in these patients (25.3%
and 26.5%, respectively).
3.5. Links between Problematic Use of Physical Activity and Weight, Body Mass Index (BMI) and Body
Composition in ED (15/47)
Five studies used bioelectrical impedance to assess body composition in their study
samples, [40,41,73,76,82]; yet none used a validated equation for ED population [89]. Given the
differences in instruments used to measure PPA, very heterogeneous results were observed.
3.5.1. Weight, BMI and Body Composition in AN (12/12)
Group 1 included 11 studies [38,40,41,46,57,67,73,76,79,80,82]. Four studies failed to find a
significant difference between excessive and non-excessive exercisers or physical activity levels with
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regard to body mass index (BMI) [41,57,67,73,80] and body composition [41,73]. Other studies found
that body weight [38,82], BMI [40,46,76,82], resumption of menses [70] and percentage of body fat [40,82]
were positively related to the level of daily physical activity. Moreover, Bouten et al. [46] found that the
intensity of physical activity (in counts per minute, measured by an accelerometer) in AN outpatients
increased significantly with BMI values ≥ 15 kg·m−2. Below this value, physical activity was assumed
to reach a minimum.
Group 2 included four studies with different results. Two studies [56,77] found that BMI was not
significantly correlated to PPA. However, Keyes et al. [75] found that PPA was negatively correlated to
BMI. Penas-Lledo et al. [54], in a clinical chart analysis, found that AN patients who reported PPA had
higher BMIs than the ones who did not.
3.5.2. Weight, BMI and Body Composition in BN (2/11)
In Group 1, Pirke et al. [41] found no association between PPA, BMI or body composition. In Group
2, Penas-Lledo et al. [54] found that BN patients who reported PPA had higher BMIs than non-exercisers.
3.6. Links between Problematic Use of Physical Activity, Age, Onset, Illness Duration, Quality of Life and
Lifetime Activity Status in ED (7/49)
3.6.1. Age, Onset, Illness Duration and Lifetime Activity Status in AN (7/7)
Group 1 included five studies. The link between patient’s age and PPA was examined in three
studies, with concordant results. None of the studies found an association between AN inpatient’s age
and their level of locomotor activity [62] or of physical activity [67,73].
Davis et al. [58] measured physical activity levels during childhood and found an increase of
the level of physical activity with age for both AN patients and controls; however, a greater rate was
observed for AN patients. In addition, a large change in the amount of physical activity approximately
one year prior to the onset of AN was detected.
Moreover, Davis et al. [48] found that AN patients who exercise excessively had a significant
increase in physical activity levels around one year prior to the onset of the disease. An earlier age of
onset of AN was associated with both quantitative and qualitative dimensions of PPA [48,73].
Finally, Kostrzewa et al. [73] found that, before admission to treatment, AN excessive exercisers
had longer illness duration than the non-excessive exercisers group.
Group 2 included three studies that measured lifetime PPA status among AN adolescents.
Davis et al. [48] found that the currently “more active” patients were also more involved in sport and
exercise activities at ages 10 and 12 than their less-active counterparts. Davis et al. [50] found that a
greater number of patients who had been highly active as children subsequently engaged in more PPA
during their illness than those who were average/less active as children. However, Noetel et al. [81]
failed to find an association between PPA and duration of illness in their adolescent sample.
3.6.2. Age, Onset, Illness Duration and Lifetime Activity Status in BN (1/7)
The study by Davis et al. [48], which can be classified into Group 2, found that a greater proportion
of BN adult patients started dieting before starting to regularly exercise (or dieted without ever
exercising) than the ones who started exercising before reducing their food consumption.
3.6.3. Quality of Life (2/7)
Quality of life has been found to be negatively impacted by the effect of PPA (in Group 2)
interacting with ED severity [84,90].
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3.7. Links between Problematic Use of Physical Activity and ED Treatment Outcome (5/49)
3.7.1. ED Treatment Outcome in AN (4/5)
Group 1 included five studies. Kostrzewa et al. [73] found that recovery, defined as having a score
equal or superior to nine on the Morgan and Russell outcome assessment schedule, was predicted
by significantly higher physical activity levels at inclusion. They also found a decrease in activity
levels for excessive exercisers at one year of follow-up; however, the activity levels stabilized after that.
However, Lehmann et al. [82] did not find intensity and duration of physical activity to be significant
predictors of percentage of BMI increase between admission and discharge to an inpatient treatment.
Gianini et al. [80] found total physical activity to be higher in patients at a weight restoration of 90% in
an inpatient treatment compared to the start of hospitalization.
El Ghoch et al. [70] studied treatment dropouts and their results were twofold: (1) They found
a positive association between PPA and treatment dropout in AN inpatients, with dropouts having
higher moderate and vigorous physical activity duration and expenditure at baseline than completers.
They failed to find an association between end-of-treatment physical activity assessment measures
ED or general psychiatry features between AN completers vs. dropouts. They also failed to find a
significant difference in EE assessment when comparing AN subtypes of patients who completed their
treatment with those who did not. (2). For the comparison between AN patients who completed their
treatment with healthy controls, AN completers were found to have a higher number of daily steps,
duration and moderate–vigorous physical activity expenditure. Kostrzewa et al. [73] did not confirm
this result in their adolescent (and smaller) sample.
El Ghoch et al. [79] found that the number of daily steps at inpatient discharge was the only
independent predictor of menstrual resumption; the non-menstruating inpatient group performed a
higher number of daily steps than the menstruating group at discharge.
3.7.2. ED Treatment Outcome in BN (1/5)
A study by Smith et al. [69], which can be included in Group 2, were the only ones to examine, in
a sample of adult suffering from BN, the links between PPA and suicide in a multivariate analysis.
Smith et al. [69] found that PPA was positively associated with suicidal gestures and attempts even
when controlling for frequency of vomiting episodes, laxative abuse, dietary restraint and age.
4. Discussion
We hypothesized that categorizing studies into two groups would lead to a harmonization of
their results and make a comparison between them possible (cf. results aim 1). This was only partially
verified. Indeed, the classification we proposed did not decrease the wide range of prevalence generally
given in the literature of 31% to 80% [2]. Our group classification showed that a high level of PPA
(group 2) is associated with more anxiety, obsessive–compulsiveness and addictiveness, and higher
self-esteem, which was not the case for studies using PPA evaluations (group 1). We were also able to
confirm that AN patients have more PPA than healthy controls independently of the quantitative or
qualitative dimension studied.
4.1. Prevalence of Problematic Use of Physical Activity
The ranges of prevalence in both cases are inarguably highly dependent on: (1) the cut-off used by
authors to divide their study sample into high vs. low exercisers, sometimes doubling from one study
to another; (2) the sample composition (inpatients vs. outpatients and AN vs. BN); (3) evaluation
methods (subjective vs. objective measures). Indeed, current prevalence was considered during
hospitalization, which directly or indirectly limits PPA [5]. Furthermore, methods of self-evaluation
are highly critical among AN patients who are known to hide/underestimate (considering self-reports)
their symptoms [91].
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In addition, an important factor affecting PPA prevalence was that lifetime PPA was nearly
two-times higher than the current prevalence (80% vs. 46%); therefore, we considered those
data separately.
4.2. Comparison of Problematic Use of Physical Activity between ED Patients Versus Controls
Compared to healthy controls, AN patients had higher frequencies of PPA if PA was measured
subjectively. Objectively, healthy controls were found to be more physically active than AN
inpatients [76]. This is not surprising since, as mentioned previously, hospitalized patients have
limited PA.
A lack of research devoted to AN patients that have low to no physical activity levels in comparison
with those having high PPA was observed. We are compelled to think that they could (1) have low
BMI since Bouten et al. [46] found that physical activity reached a minimum at BMI values below
15 kg·m−2; and/or (2) be more depressed, as Falk et al. [38]; and/or (3) more frequently classified as AN
binge–purging type [44].
At least partially against this view, Davis [9] discussed that AN patients feel an increasingly strong
compulsion to be physically active, despite pain and exhaustion. No studies focus on the question of
the threshold of nutritional statuses that lead to a decrease in PPA, nor if this absence of adaptive and
progressive decrease in PPA, linked to exhaustion, could define a subgroup of AN patients, observed
clinically. This subgroup is the one that could have PPA until death.
4.3. Problematic Use of Physical Activity, Comorbidities and Psychological Factors
Since depression, anxiety and obsessive–compulsive disorder frequently co-occur with AN [92–94],
it was not surprising to find that they were the most studied psychological factors to be linked together
with ED and PPA. We can see here all the interest of using our classification to re-analyze inconclusive
results found in previous reviews, with results from Group 1 frequently being the opposite than
Group 2.
PPA only considered quantitatively (Group 1) was found to be negatively correlated to
depression [38] or completely not associated to it. This was also the case in the general population,
where greater amounts of occupational and leisure time activities, as well as all physical activity
intensity levels, were generally associated with reduced symptoms of depression [95,96], anxiety and
stress [38].
However, when focusing on PPA (group 2) and thus taking into account the pathological
motivations linked to ED, we observed the opposite effect: depression (or depressive disorder),
anxiety, obsessive–compulsiveness, addictiveness, and higher self-esteem were significantly positively
associated with PPA. The more an AN patient has those symptoms, the more he/she practiced PPA.
This could be explained by the fact patients were trying to improve their mood and emotional
state [9,42,54,75,83] with physical activity being considered as a way of coping with a chronically
negative affect [37] by pursuing the boosting effect of endogenous opioids [10].
4.4. Problematic Use of Physical Activity and ED Symptomatology
Keyes et al. [75] found that ED pathology was one of the most important predictors of the variance
of PPA in Group 2 in AN outpatients, but when compared to healthy controls, PPA in AN patients
were significantly and positively associated with drive for thinness. It seems that AN patients are
likely to increase their levels of PPA (quantitatively and qualitatively) when preoccupied about their
weight and motivated by their drive for thinness. Vansteelandt el al. [37] explained high levels of
physical activity in ED throughout psychological mechanisms and emphasized the fact that AN and
BN patients have place too much value in their body shape and weight. Thus, physical activity is a
result of a conscious attempt to work-off calories and obtain their desired thinness ideal, making the
drive for thinness an important motive to engage in PPA. This is also the case in the general population,
where weight and shape control reasons for exercise participation are very common [97].
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4.5. Problematic Use of Physical Activity and Weight, BMI and Body Composition
Findings should be interpreted with caution due to the absence of validated methods to assess body
composition in ED patients [98]. In both our classification and independently of ED types (AN and BN),
almost half the studies did not find an association between different intensities of physical activity and
BMI or body composition. The other half found a significantly positive association between PPA and
body weight, BMI or percentage of body fat. It is in accordance with the findings of Bouten et al. [46]
who showed that there was a threshold of BMI at 17 kg·m−2 among adult AN outpatients under which
patients decreased their physical activity. They tried explaining these decreases in PPA and BMI with a
decrease in muscle mass, diminished muscular function, malnutrition and exhaustion [46]. This goes
in agreement with the findings of [39], who suggested that an increased physical activity occurs in
AN patients during weight gain and recovery periods, as well as during the treatment phase and
restoration of body fat [73].
4.6. Problematic Use of Physical Activity Link with Age of Onset, Age and Lifetime Activity Status in AN
Very few studies adjusted their results to age. In Group 1, only the larger study over two
studies [61,67] found that PPA was associated with a younger age at time of interview but this was
in a sample of ED where AN and BN patients where not distinguished [61]. Two explanations were
proposed for this result: (1) the easy access to exercise behaviors as a weight-control mechanism at
younger ages, rather than having access to other purging behaviors such as laxatives and purgatives;
(2) the existence of an inverse relationship between exercise and age, which is also found in the general
population, where physical activity tends to decrease with age [99].
In addition, PPA in Group 2 was related to physical activity during childhood: Davis et al. [48,50]
found that AN patients who had been highly active as children were found to be engaged in more PPA
during their illness. These findings suggest that high levels of physical activity during childhood could
predict the development of PPA in AN, implying possible individual profile variations independently
of the disorder. This goes in agreement with findings from the general population implying that sports
participation during childhood and adolescence is particularly predictive of being more physically
active later in life [99].
4.7. Problematic Use of Physical Activity and AN Treatment Outcome
The contradictory results between two studies [70,73] that, respectively, included adults and
adolescents, raise the question of the contribution of age to the results. Indeed, there is a lower
frequency of dropout in teens [100] combined with the lowest severity of ED at adolescence [101],
and higher physical activity during childhood and adolescence than among young adults and older
age groups [102].
4.8. Problematic Use of Physical Activity and Compulsivity
Continuing normal to high activity levels despite weight loss and a negative energy balance
is recognized as an exclusive specificity of AN patients compared to individuals in a situation of
starvation due to other causes such as those implicating an increase in circulating inflammatory
cytokines [103] in humans as well in animal models [104,105].
In animal models mimicking several symptoms of AN in an attempt to give a rather biological
approach, a reduction in food intake and body weight was paradoxically accompanied by a progressive
increased activity level. The most described animal model combining food restriction and voluntary
physical activity is the “Activity-Based Anorexia” model (ABA model) developed in the rat by
Routtenberg and Kuznesof [106], then in the mouse. This model is also called “starvation-induced
hyperactivity” [107] or “semi-starvation induced hyperactivity” [108]. In fact, the rodents have free
access to a running wheel and showed hyperactivity occurring in response to a limited food supply
due to limited access time to food (1–2 h per day). Such behavior, occurring at 2–3 days after the
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beginning of the protocol, led to feedback inhibition of food intake or self-starvation and death in
5–6 days [109]. Thus, the negative energy balance state that becomes life threatening, eventually
leads to death [2,110]. A lot of research has been done on animal models to try understanding and
determining the biological phenomenon underneath this particular hyperactivity, which occurred
several hours before food distribution and is called food anticipatory activity. Similar activity has been
also described in AN patients [111]. The animal models will not be detailed as it is beyond the scope of
this systematic review.
4.9. A Proposed Comprehensive Model of the Development of PPA in AN
At this point, we can propose, based on literature reviews and clinical practice, a comprehensive
model of the development of PPA in AN (Figure 2), taking into account both the history of the patient,
his/her interaction with his/her environment and the pathological consequences of AN. This model
is divided into five periods: Period 0 entitled “factors preceding AN”, Period 1 entitled “onset of
AN”, Period 2 entitled “evolution of AN”, Period 3 entitled “acute phase of AN” and Period 4 entitled
“long-term outcome”. In parallel, these periods evolve in three clinical phases (number 1, 2 and 3),
with voluntary and involuntary components varying with time.
– In Period 0: The main points that should be taken into account are a patient’s childhood activity
profile [48], having a more physically active father [58], participation in esthetic- or weight-oriented
sports [112]. An increase in PPA is observed one year prior to the onset of the disease [48].
– In Period 1: An increased PPA is majored with an early age of onset [61]; PPA as a conscious
strategy for AN patients to optimize weight loss, also found in the general population [9,97].
Clinical phase number 1: Patients program a physical activity determined in defined moments of
the day. This physical activity progressively increases in volume, intensity and/or frequency. PPA is
described by patients as voluntary [10] and “goal-directed, organized and planned” [23].
– In Period 2: PPA becomes a coping strategy to compensate, suppress, and/or alleviate both
negative affective states (anxiety [54,56], depression [54] and stress [20,75]) and ED symptoms [75]
including, weight preoccupation [45,58], drive for thinness [40,51,74] body dissatisfaction [40]
and restrictive profile [63,65].
– This is in addition modulated by ambient temperature [67].
Clinical phase number 2: As the ED progresses, physical activity could become an increasingly
autonomous process. Involuntary PPA appears, with automation of the behavior. For example: patients
run instead of walking, stand up when they normally should be sitting down, for example while
writing or eating, or walk instead of standing still. This PPA is associated with diffuse restlessness and
a significant unsteadiness, where the patient is literally unable to stand still for a short period. At a
certain point, patients will even maintain muscular tension such as keeping their gluteal or abdominal
muscles contracted without even thinking about it. The latter is called “static PPA”. Furthermore,
patients will continue to try to maximize their daily energy expenditure by all voluntary means possible.
For example, they walk to get from one place to another instead of using a car, use stairs instead of
elevators, do more housework, etc.
– In period 3: PPA has now a composite nature. It has a compulsive component not under
voluntary cognitive control of the patient [9], irrespective of the antecedent motivation to exercise.
Nevertheless, patients also present voluntary PPA due to a current context (for example: increased
activity motivated by body dissatisfaction and weight preoccupation such as weight increase).
The respective proportions of voluntary vs. involuntary PPA vary in a given subject both
according to patients themselves and according to time. Clinical practice suggests, as it has
been observed in biological animal models that a small subgroup of patients could (or can) be
hyperactive until death with a huge hyperactivity despite very low weight.
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Clinical phase number 3: PPA is described by patients as “more intense, driven, disorganized
and aimless than it was” [23] and as “aimless, stereotyped and inefficient” [10]. This phase associates
clinical manifestations number 1 and 2, with varying degrees. We can notice here three profiles
of patients: (1) hypo- or normal-active patients; (2) patients who relatively control important PPA;
(3) patients who can’t control their extremely important and solitary PPA (sometimes until death),
associated unsteadiness and static physical activity.
– In period 4: A Long-term outcome is not very well known. Long-term weight recovered patients
have been found to have a frequency of PPA similar to healthy controls [39]. Furthermore, PPA
seemed to be associated with more dropout [70] and could be a negative factor for the extremely
active patients.
4.10. Limitations
It is important to acknowledge the limitations of our work. Firstly, the term “problematic use of
physical activity” is a term we have decided to use. Unfortunately, it does add to the plethora of terms
already found in the litterature. This highlights the urgent need for the development of an international
and interdisciplinary task force that would need to find and vote on a commonly accepted term and
definition. Secondly, some studies [45,49,50,52,74,75,83] were added in both groups 1 and 2 because
they evaluated PPA both quantitatively and qualitatively. Despite the fact that this had been taken into
account while analysing the results of these specific studies, it can still be considered as an external
bias. Finally, our model is an attemp to synthetise the elements of the literature, the clinical elements
we collected from persons with AN, in order to better understand PPA. All individuals with AN do
not have PPA or exactly the same PPA. The component we described can be present at the same time
or at different times. We hope that this model will help explain the complexity of the phenomen and
help treat it better.
5. Conclusions
Having no consensus definition for what is PPA in ED, the interpretation of previous studies
findings can be partially jeopardized. In order to address this problem, we attempt to propose in
our review a definition of this clinical concept including quantitative (intensity, frequency, duration
and type of physical activity) and qualitative (motives for exercise, compulsiveness and exercise
dependence/addiction) elements only in AN, given that very little information was found on BN. Thus,
this paper highlights two main opposite component of PPA in AN: (a) PPA that is sometimes voluntarily
increased in AN for the soul purpose of burning-off more calories and thus viewed as a conscious
strategy of AN patients to optimize weight loss; (b) PPA that sometimes is involuntarily increased
simultaneously with weight-loss and low ambient temperatures; indicating that exercise might not be
under voluntary cognitive control of the patient, with a subconscious biological drive, a part of this
activity becoming totally automatic. Additionally, according to the literature and clinical experience,
a chronological model for the development of PPA in AN patient was proposed encompassing five
periods evolving into three clinical stages.
In conclusion, we hypothesized that the evaluation of the intensity, frequency, duration and type
of physical activity along with the motives for exercise, compulsiveness and exercise dependence for
each person with ED would allow more individualized and efficient medical therapies.
Future research initiatives should focus on finding and voting on a commonly accepted term and
definition for PPA in ED.
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